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NEW BOOKS OF SCIENTIFIC INTEREST 


A Survey Course in Physics. C.F. Eyre. xvii+ 
378 pp. Illustrated. $3.00. Prentice-Hall. 


The central theme of the text is the human body 
and its environment. The author, in terms of famil- 
iar objects, situations and experiences, tries to teach 
the student to interpret intelligently his immediate 
physical environment. 


Wireless Engineering. L. S. Pauaer. xii+544 
pp. Illustrated. $7.50. Longmans, 





The principles and practice of wireless are set forth 
in this English volume for electrical engineers and 
for students preparing for university degrees. The 
last portion of the book is devoted to directional 
wireless. 


Practical Photo-Micrography. = EB. BARNARD and 
F. V. Wetcon. xii+352 pp. Illustrated. $8.25. 
Longmans. 





A description of methods and the principles in- 
volved in photo-micrography. The authors have in- 
cluded chapters on the photography of metal sur- 
faces and similar opaque objects, the use of infrared 
radiations and of ultra-violet light. 


Bones. P.F.F.MuRRay. x+203pp. Illustrated, 
$2.50. Cambridge. 





A study of the development and structure of the 
vertebrate skeleton. The author deals with the em- 
bryonic development and with the structure of the 
normal and modified bony skeleton and cartilage and 
with the mechanisms by which mechanical forces find 
expression in the architecture of bone. 


The Biological Control of Insects. H. L. SwEET- 
MAN. xii+461 pp. Illustrated. $3.75. Comstock. 





The author has written this book to acquaint the 
reader with the life history, habits and the methods 
of utilizing the organisms for controlling insect pests. 
He has also added a chapter on the biological control 
of pest plants. 


A Text-Book of Physiology. 13th Edition. W.H. 
Howey. 1150 pp. Illustrated. $7.00. Saunders. 





The author has endeavored to make the student 
realize that physiology is a growing subject, con- 
tinually widening its knowledge and readjusting its 
theories. To emphasize this fact and add to the 
interest of the reader short historical résumés have 
been introduced. 


Soil Science. Its Principles and Practice. W. W. 
Wer. 615 pp. LTlustrated. Lippincott. 





A discussion of the development of agriculture from 
the time primitive people first cultivated the ground 
for food crops to the present time, and a treatment 
of the physical, chemical and biological nature of 
soils and of the relationship between soils and grow- 
ing plants. 


New Ways in Photography. Jacos Drscuin. 
xiv +307 pp. Illustrated. $2.75. Whittlesey. 

A discussion of the methods used by amateur and 
professional photographers for obtaining good pic- 
tures. It also considers “trick” photography, night 
and indoor work, flashlights, the “candid” camera, 
the making of photomurals and transparencies, re- 
touching and infra-red photography. 

Our Natural Resources and Their Conservation. 


Edited by A. E. Parkins and J. R. WHITAKER. 
Illustrated. xii+650 pp. $5.00. Wiley. 





Twenty-two men have collaborated to survey con- 
servational theory and practice from a geographic 
view-point. Dr. Ellsworth Huntington contributes a 
chapter on “The Conservation of Man.” It is the 
December selection of The Scientific Book Club. 
Controlling Human Behavior. D. Srarcu, H. M. 


STaNTon and W. KoertTs. xiv+638 pp. $2.90. 
Macmillan. 


A first book in psychology for college students 








which endeavors to consider more fully the vital prob- 
lems of human behavior than the average introduc- 
tory text. Part I. Controlling the Behavior of Self. 
Part II. Controlling the Behavior of Others. 

Public Health and Hygiene. 2nd Edition. C. F. 


BoLpuAN and N. W. Botpuan. 371 pp. Illustrated. 
2.75. Saunders. 





The authors have written this students’ manual in 
five parts. I. General Introduction. II. The More 
Important Communicable Diseases. III. Important 
Noncommunicable Diseases and Conditions. IV. 
Community Hygiene. V. Health Administration. 





The Emergence of Human Culture. C.J. WARDEN. 
189 pp. $2.00. Maemillan. 


How man and culture emerged from the animal 
level of existence is the theme of this study which 
the author has written in five parts. I. The meaning 
of Culture. II. Do Animals Possess Culture? III. 
The Emergence of Man and Culture. IV. The Evo- 
lution of Culture. V. Culture and Progress. 


The Problem of Anxiety. S. Frevp. Translated 
by H. A. Bunker. vii+165 pp. $2.00. Norton. 





A translation into English of “‘Hemmung, Symptom 
und Angst,” in which the author discusses inhibition 
and symptom, infantile zojphobia, symptom forma- 
tion and the secondary defense of the ego, compulsion 
neurosis, symptom and anxiety and the birth trauma. 


First Adventures in Philosophy. V. Fern. xi+ 
548 pp. $2.00. Scribner’s. 





A treatment on philosophy which approaches the 
subject in a preliminary way. The author tries 
to give a relatively non-partisan view, emphasizing 
present-day philosophical theories set forth against 
a background of the story of their development. 
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[The story of a man who speaks distinctly 
| and fluently without vocal cords, and 
| teaches others to do so. | $3 $3 $3 


With Forewords by 
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RECENT BOOKS OF SCIENTIFIC INTEREST 


Manual of Meteorology. VolumelIl. Sir N. SHAw 


and E, Auston. Illustrated. 


Oxford. 


f= PI 


This volume of comparative meteorology deals with 
the general circulation of the atmosphere, its normal 


seasonal changes and its transitory 


text is prefixed by definitions and 


technical terms 


How We Came by Our Bodies. 


DAVENPORT. Illustrated. xii+401 pp. $3. 


Written for the reader, this book traces 


human development 


average 


mature human being The author has divided it 


into three 
machinery of development; History of the origin of 


parts The course of development; The 


the machinery of development 


Edition. BLAMEY 
$2.00, Sher 


Second 
Illustrated. 


The Identity Theory. 
STEVENS. xvi+243 pp. 
ratt and Hughes. 


Mr. Stevens’ identity theory, which concerns space, 
time, and inertia, is derived from the “natural and in 
stinctive” basis for investigating the universe The 
author analyzes his postulates by inductive and de 
ductive arguments. Detailed definition of technical 
terms and units of measurement is evident throughout. 
HOBBS. llustrated. xv +502 pp. 


Peary. W. H. 
$5.00. Maemillan. 

The story of Peary’s long and eventful life which 
the author has told in six parts: The Period of Train 
ing; Exploratory Surveys; Exploring the Arctic; Di 
rect Assaults upon the Pole; The Great Controversy ; 


For Defense of His Country 


xliii +472 pp. $10.00. 


changes rhe 


explanations of 


CHARLES B. 
75. Holt. 


from the embryonic cell to the 


The Renaissance of Physics. K. K. Darrow. 


Illustrated. 306 pp. $3.00. Maemillan. 


Dr. Darrow, after twenty years of research and 


travel, describes and explains the events and discov 
eries which occurred in the field of physics during 
our own time. He also gives a good deal of the his 
torical background of each 


Electricity. Illustrated. xvi+ 272 


pp. $4.00, 


Ww. L. BR AGG. 
Maemillan. 

The chapters in this book are based upon the lee 
Royal Institution of 
Three chapters deal with the behavior of 


tures given by the author at the 
London. 
electrical electrical currents and 


charges, magnets ; 


the others describe the electrical apparatus which is 


seen or used in everyday ilfe 


The Relativity Theory Simplified and the Forma- 
tive Period of Its Inventor. Max TALMEY. xi 
186 pp. LTlustrated. $1.85. Darwin Press. 


An explanation of the theories of relativity for the 
intelligent layman, with a 
The 
George Bb. Pegram, professor of physics at Columbia 
University. 


brief biography of Ein 


stein. introduction has been written by Dr 


Sex and Personality. 
RINE C, MILES. llustrated. xi+600 pp. 
McGraw-Hill. 


LEwis M. TERMAN, CATHE 
$4.50. 


This gives the results of an investigation of sex 
differences in interests, attitudes and thought trends. 
It is based on experimental data which show the re 
lation of masculinity-femininity score to sex, age, edu 


cation, intelligence, ete. 


Books previously announced will be given space six times on this page for $12.00 
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An Important Contribution to American Medicine 


PRACTICE OF MEDICINE 


By Jonathan Campbell Meakins, M.D., 
LL.D., Professor of Medicine and Di- 
rector of the Department of Medicine, 
McGill University; Physician-in-Chief, 
Royal Victoria Hospital, Montreal. 


1342 Pages. 505 Illustrations, 35 
in Colors. Price, Bound in Vermin- 


proof and Moisture-proof Cloth, $10 


Just Pus.isnep 

This brand new “Practice of Medicine” 
has just come from the press and is now 
ready for delivery. It is not only a de 
scriptive account of individual diseases 
but also an attempt so far as our present 
knowledge goes to be a practical treatise 
on disease processes in general and how 
these may be corrected along rational 
lines. Treatment is also handled along 
rational lines and the reasons explained 
as far as possible. It approaches the 
subject from a physiological and bio 
chemical standpoint rather than from a 
pathologic anatomical one. The latter, 
however, is not neglected. 


Beautifully Illustrated 


1. An Introduction to the 

tice of Medicine 

Diseases of the Nasopharynx 

and Mouth 30 pages 

3. Specific Infections of the 
Nasopharynx and Mouth 59 pages 


Prac- 


7 pages 


te 


4. Diseases of the Respiratory 

System 58 pages 
5. Diseases of the Lungs 99 pages 
6. Diseases of the Lungs (Con- 

tinued ) 38 pages 
7. Diseases of the Circulatory 


System 
8. Diseases of the Serous Mem- 
branes, Mediastinum and Dia- 
phragm 26 pages 
9. Diseases of the Hematopoietic 
System 
10. Diseases of 
tinal Tract 


149 pages 


58 pages 
Gastrointes- 
113 pages 


the 


11. Diseases of the Liver and Bile 
Passages 

2. Diseases of Nutrition 

13. Diseases of Metabolism (By 
EK. H. Mason) 

14. Diseases of the Ductless 
Glands (By E. H. Mason) 

15. Diseases of the Nervous Sys 
tem (By J. N. Petersen) 

16. Diseases of the Locomotor 
System 

17. Diseases of the Urinary 
System (By Walter DeM. 
Scriver ) 

18. Infectious Diseases Conveyed 
by Parenteral Inoculation 

19. Diseases Due to Allergy 

20. Diseases Due to Abnormal 
Environment 

21. Diseases Due to Chemicals 
and Drugs 

Index 





58 page 


20 page 


64 page 


oS page 
184 page 


) page 


S36 page 


102 page 


21 page 
17 page 


23 page 
33 page 


z 


t 


t 


The C. V. Mosby Company —Publishers—St. Louis, Mo. 
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SCIENCE LIBRARY 


THE SCIENCE LIBRARY 


AT THE ANNUAL SCIENCE EXHIBITION OF THE AMERICAN 
ASSOCIATION FOR THE ADVANCEMENT OF SCIENCE 


THE Scrence Liprary has become one 
of the regular features of the Annual 
Science Exhibition, in connection with 
the annual meetings of the American 
Association for the Advancement of 
Seience and affiliated societies. This 
year the meetings will be held in the 
Auditorium and the hotels along the 
Boardwalk, Atlantic City, N. J., from 
December 28 to January 2. 

The association is constituted of prac- 
tically all the scientific and technical 
organizations in the country. There are 
nearly 20,000 members and with the 
150 other affiliated societies it represents 
about 500,000 scientists. The classifica- 
tion of the books in the following eata- 
logue conforms in the main to the fifteen 
sections of the association. 

A decorative sign in the Science Li- 
brary will read as follows: ‘‘ Books are 
the Life Blood of Science.’’ 

The display of the 1936 science books 
and of this sign is intended to be a 
recognition of the importance of books 
to the progress of science. Moreover, the 
Science Library has been a useful insti- 
tution. The teachers of science as well 
as research workers generally find it 
useful to be able to look over the book 
production of the year in one place. The 
Science Library, therefore, gives just as 
truly a picture of the year’s progress in 
science as do the many and varied exhibit 
displays and demonstrations. 

The following list of books in the 
Science Library represents practically 
the complete production for this year. 
It is so because of the cordial and prompt 
cooperation of the publishers and others 
who have made it so. 

A listing of the exhibits, displays and 
demonstrations in connection with the 


annual meetings will soon be published 
in Science, which goes to all the mem- 
bers of the association. A decorative 
sign prominently displayed in connec- 
tion with these is a quotation from Sir 
Arthur Schuster, published in ‘*The 
Progress of Physics’’ in 1911. The 
quotation is as follows: ‘‘The history of 
scientific discovery is to a great extent 
the history of scientific instruments and 
appliances.’’ 
F. C. Brown, 
Director of Exhibits 
AMERICAN ASSOCIATION FOR 
THE ADVANCEMENT OF SCIENCE 


SCIENCE BOOKS PUBLISHED IN 1936 
AGRICULTURE 


Ayres, Q. C. Soil Erosion and Its Control. 363p. 
McGraw-Hill. $3.50. 

Cross, P. G. Our Friends the Trees. 3354p Dut 
ton. $5.00 

Doane, R. W., Van Dyke. E. C., Chamberlin, W. J., 
and Burke, H. E. Forest Insects 1463p. Me 
Graw-Hill. $4.50. 

Duggar, B. M Biological Effects of Radiation. 2 
vols. McGraw-Hill. $12.00 

Eckles, C. H., Combs, W. B., and Macy, H. Milk 
and Milk Products. 386p. McGraw-Hill. $3.50. 

Erhart, Henri. Traité de Pedologie. Vol. I, Pe 
dologie generale. 260p. Westermann $4.80 

Faweett, H. S. Citrus Diseases and Their Con 
trol. 656p. McGraw-Hill. $6.00 

Seifriz, W Protoplasm 584p. McGraw-Hill 


$6.00. 

Shull, A. F. Factor of Evolution. 300p Mec 
Graw-Hill. $3.00 

Waksman, Selman. Humus. 4194p Williams & 


Wilkins. $6.50. 
ANTHROPOLOGY 


Benedict, Ruth. Zuni Mythology. 2 vols. Colum- 
bia Univ. Press. $4.00 per volume 

Boas, Franz. Geographical Names of the Kwa 
kiutl.Indians. Columbia Univ. Press. . $4.00 

Boas, Franz. Kwakiutl Tales. New series, part 
I—translations. Columbia Univ. Press. $4.00. 

Davenport, Chas. B. How We Came by Our Bodies. 
401p. Holt. $3.00. 

Davidson, Daniel 8S. Aboriginal Australian and 
Tasmanian Rock Carvings and Paintings. 1511p. 
Univ. of Pennsylvania Press (paper). Amer. 
Philosophical Soc. Memoirs V. 

Huxley, Julian, and Haddon, A. C. 
246p. Harper & Bros. $2.50 

Jenks, Albert E. Pleistocene Man in Minnesota. 


We Europeans. 


224p. Univ. of Minnesota Press. $7.50. 
Klaatsch, Herman. Das Werden der Menschheit 
und die Anfaenge der Kultur. 404p. Wester- 
mann. $4.20. 
Linton, Ralph. The Study of Man; An Introduc- 
tion, Student’s Edition. 503p. Appleton-Cen- 
tury. $3.00. 
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Selected McGraw- Hill Books 


to be published in 1937 








AGRONOMY 
Conservation of the Soil 


By A. F. GUSTAFSON, Cornell University. McGraw-Hill Publications n the {agricultural and 


Botanical Sciences 
ANTHROPOLOGY 
Cooperation and Competition among Primitive Peoples 


Edited by MARGARET MEAD, American Museum of Natural History. McGraw-Hill Publications 
in Sociology 


Primitive Behavior 


By WiLu1AM I. Tuomas, Visiting Lecturer, Harvard University. McGraw-Hill Publications in 


Sociology 
BOTANY 
Methods in Plant Physiology 


By W. E. Loomis, Iowa State College, and C. A. Su University of Cl g VcGraw-Hill 
Publications in the Agricultural and Botanical Scien 


CHEMISTRY 
Quantitative Pharmaceutical Chemistry. Vew second edition 


By GLENN L. JENKINS, University of Minnesota, and ANpREw G. DuMez, University of Mary 
land. McGraw-Hill Publications in Pharmacy 


Chemicals in War 


By Lr. CoLonen A. M. Prentiss, U. 8. War Dey 


Food Technology 


By 8. C, Prescorr and B. E. Procror, Massachusetts Ins 


Quantitative Analysis. A Theoretical Approach 


By WILLIAM RIEMAN, Rutgers University, and JAcos D. Neuss. International Che ul Se 
Absorption and Extraction 
By Tuomas K. SHERWOOD, Massachusetts Institute of T« logy. Chemical Engineering S¢ 


GEOLOGY 
Gold Deposits of the World 


By W. H. Emmons, University of Minnesota 
PHYSICS 
Introduction to Ferromagnetism 


By Francis Birrer, Massachusetts Institute of Technology. Jnternational Series in Physics 
Electrical Measurements 

By Harvey L. Curtis, National Bureau of Standards. IJnternational Series in Physics 
Measurement of Radiant Energy 

Edited by W. E. ForsytHe, General Electric Co.; Prepared under direction of a committee of 


the National Research Council 
Electron Tubes in Industry. New second edition 
By Keiru HENNEY, Editor, Electronics 
Physics of Electron Tubes. New second edition 
By L. R. Ko.uer, Research Laboratory, General Electric Company. International Series in 
Physics 
Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 West 42nd Street, New York Aldwych House, London, W.C.2 











SCIENCE 


Malinowski, Bronislaw Coral Gardens and Their 
Magic. 2 vols LOOOp. American Book Co 
$8.00. 

Parsons, Elsie Clews Mitla; Town of Souls. 
590p. Univ. of Chicago Press. $4.00. 

ASTRONOMY 

Cugle, Chas. H Cugle’s Two Minute Azimuths, 
Vol. II: Lat. 35 to 65°, Declination O° to 
23°. 603p. Dutton. $6.00 

Fath, E. A. Through the Telescope. 220p Me 
Graw-Hill. &2.75 

Hay, W. T. Through My Telescope. 28p. Dut 
ton. $1.50 

Hubble, Edwin. The Realm of the Nebulae. 210p. 


Yale Univ. Press. $3.00 
Lewis. Sagittarius Rising. Harcourt, Brace. 
Reh, Frank Astronomy for the Layman. 
Appleton-Century $3.00 
Stokley, James Stars and 
Harper & Bros. $3.00. 


$2.50 
3O08p. 


Telescopes 319p. 


SOTANICAL SCIENCES 


The Complete Book of Garden 


$2.35 


Barron, Leonard 
ing. 672p. Doubleday, Doran. 
Boysen, Jensen P Growth Hormones 
260p. MeGraw-Hill. $3.50 
Downing, McAtee A Learning Guide in 
S3l4p. Lyons & Carnahan $.92 
Dubois, Gertrude and Frances Peter 


in Plants. 
Biology 


and Penny 


Plant a Garden 216p. (Juvenile. ) Stokes 
$1.25. 

Eames, A. J Morphology of Vascular Plants. 
4133p. MeGraw-Hill. $4.00 

Gathercoal, Edmund N., and Wirth, Elmer H 
Pharmacognosy. 852p Lea & Febiger. $7.50. 

Hill, J. B., Overholts, L. O., and Popp, H. W. 
Botany 672p. MeGraw-Hill. $4.00 

Kurt, Krafka Elements of Histology 246p. 
Williams & Wilkins $2.50 

MacDougal, D. T. Studies in Tree-Growth by the 
Dendrographic Method, 260p Carnegie Insti 
tution of Wash. $2.25 

Morgan, Alfred. An Aquarium Book for Boys and 
Girls Scribner's $2.00 

Nature in the Wild: A Selection of Nature Photo 
graphs. Scribner's. $2.00 

Quinn, Vernon Seeds; Their Place in Life and 
Legend I8SSp. Stokes $2.00 

Robbins, W W., and Isenbarger, J Practical 
Problems in Botany. 402p. Wiley. $2.00 


Rosendahl, C. Otto, Butters, F. K., and Lakela, 


Olga. A Monograph on the Genus Heuchera. 
186p. Univ. of Minnesota Press. $2.50 
Rosendahl, C. Otto, Gortner, Ross A., and Burr, 
George A. J. Arthur Harris, Botanist and Bio 
metrician 200p Univ. of Minnesota Press 
$2.50 
Schenk, Edward T., and MecMasters, John H 


Procedure in Taxonomy 72p. Stanford Univ. 
Press $2.00 

Schramm, J R. (editor in chief). Riological 
ibstracts. 3000p. Union of Amer. Biological 
Societies $15.00 

Singer, Charles. The Story of Living Things. 
572p Harper & Bros $3.00 

Stejneger, L. Georg Wilhelm Steller. 647p. Har 
vard Univ. Press $6.00 

Williams, Dr. Arthur B. The Composition and 


Dynamics of a Beech-Maple Climax Community. 
90p. Cleveland Museum of Natural History. 
$.50 


CHEMISTRY 


Anderson, A. K. Laboratory Experiments in Phy 
siological Chemistry. 224p. Wiley. $1.50. 
Associates of Lore A. Rogers. Fundamentals of 
Dairy Science, 2nd ed. A.C.S. Mono. No. 41, 

616p. Reinhold. $6.00 

Bichowsky, F. R., and Rossini, F. D Thermo 
chemistry of the Chemical Substances. 464p. 
Reinhold. $7.00 

Biddle-Bush-Connor Dynamic Chemistry. 820p 


R. MeNally. $1.80. 
Blanchare, A. A. Synthetic Inorganic Chemistry. 


385p. Wiley. $3.00 
Bradley, Theodore J. Qualitative Chemical Analy 
sis, 5th ed. 1170p. Lea & Febiger. $2.25. 


(Continued 





LIBRARY 


Bruekner, H. Die Biochemie des Tabaks. 446p 
Westermann. $5.94 
Burrell, R. C. Organic Chemistry 331p. Me 


Graw-Hill, $2.75. 

Buzagh, A. von. Kolloidik 
die Probleme der modernen 
323p. Westermann. $4.95 

Coghill, R. D., and Sturtevant, J. M 
and Identification of Organic Compounds. 
MeGraw-Hill. $1.75 

Conant, J. B. Organic 
Macmillan. $2.60 

Curtman, L. 8. Brief Course in Qualitative Chemi 
cal Analysis. 249p. Macmillan. $2.25 

Davies, W. L. The Chemistry of Milk. 604p. 
Nostrand. $8.00 

DeDonder, Th., and Van Rysselberghe, P. 


Eine Einfuehrung in 
Kolloidwissenschaft 


Preparation 


Chemistry, rev. 293p. 


Van 


Thermo 


dynamic Theory of Affinity. 160p Stanford 
Univ. Press. $3.00 

Desha, L. J. Organic Chemistry. 729p. MeGraw 
Hill. $3.75. 

Edwards, J. D. Aluminum Paint and Powder 
216p. Reinhold. $4.50 

Ellis, C. Chemistry of Synthetic Resins. 1615p 
Reinhold. $19.50 

Engelder, C. J. Elementary Quantitative Analysis 
270p. Wiley. $2.75 


Engelder, C. J., Dunkelberger, T. H., and Schiller, 


W. J. Semi-Micro Qualitative Analysis 265p 
Wiley. $2.75. 

Fairlie, A. M. Sulfuric Acid Manufacture. A.C.S 
Mono. No. 69. 656p Reinhold $9.75 

Fieser, L. F. The Chemistry of Natural Products 


Related to Phenanthrene A.C.S. Mono. No. 70 


368p. Reinhold. $6.50 
Fincke, H Handbuch der Kakaoerzeugnisse 
Westermann. $16.50 


voSp 


Fisk, Dorothy MM. Modern Alchemy. 1711p 
Appleton-Century. $1.75 

Foster, Wm. Inorganic Chemistry for Colleges 
2nd ed 925p Van Nostrand $3.90 


Romance of Chemistry 197p 


$3.00 


Foster, Wm. 
Appleton-Century. 


Gardner, Wm. Chemical Synonyms and Trade 
Names. 495p. Van Nostrand $12.00 

Gazan, M. H. Flavours and Essences 115p. Van 
Nostrand $10.00 

Glasstone, S., and Hickling, A Electrolytic Oxi 


dation and Reduction 4120p Van Nostrand 


SY.00., 


Hammett, L. P. Solutions of Electrolytes with 
Particular Application to Qualitative Analysis 
2nd ed. 242p. MeGraw-Hill. $2.25 

Haynes, Williams. Money and Molecules 200p 
Doubleday, Doran. $1.50 
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Recent WILEY Books 


Our Natural Resources and Their Conservation 


A. E. PA RKINS, Editor in Chie f J. R. WHITA K ER, Assoc ate Ed for, 
and 20 contributors. 





In non-technical style, this book gives a balanced, concrete view of resources and problems 
their actual setting as a part of the organic units involved. Particular attention is given to t 
extent and distribution of our natural resources, and to their service in regional and nation: 
development; each problem discussed is sharply localized, being viewed as the outgrowth of 
natural and cultural conditions in specific parts of our country. 

Published October 1936 650 pages; 121 illus.; 6x 9; $5.00 


Introduction to Theoretical Seismology, Part 1—Geodynamics 
By JAMES B, MACELWANE, 8.J., Professor of Geophysics and Director of the Depart 


ment of Ge ophysics, Sf. Louis lL nive rsity, 


This book offers a clear and competent treatment of elasticity, the propagat fii l 
refraction of elastic waves, and the paths and velocities of earthquake waves in ‘ 
the earth. Especially valuable are the tabulation and critical discussion of information on eart 
structure. 

Published October 1936 366 pages; 82 illus.; 6x 9; $6.00 


Statistical Methods in Biology. Medicine and Psychology 


By C. B. DAVENPORT, Carnegie Institution of Washington, Cold Spring Harbor, N 

York, and MERLE P. EKAS. 
A constantly useful desk book or handbook by means of W h various statistics y ‘ 
puted. Method of computing is shown, together with illustrations of some of the machines \ 
make computation easy and rapid. This book is suital fo. is f 
guide in laboratory work on variation in the field of biology, agriculture, medicine, ps g 
education, commerce, physics and chemistry. The present ed n is I s 
usefulness than previous editions have been. Fourth Edit 
Published September 1936 216 pages; 26 illus.; 44 x 74; $2.75 

. . ‘ " 

Principles of Structural Geology 

By CHARLES M. NEVIN, Professor of Geology, Cornell Universit, 
The purpose of this book is to discuss, as simply as possible, the deformations of t eart 
During the past few years, intensive research and field work have thrown so m ght on 
problems of structural geology that a thorough modernization was found necessar An entir« 
new chapter on Structures Associated with Igneous Intrusion has been added. Second Editi 
Published July 1936 348 pages; 163 illus.; 6x9; $3.50 
% . ’ ry” 
Electronics and Electron Tubes 

sy E. D. McARTHUR, Vacuum Tube Engineering Department, General Electric Company. 


A book that emphasizes the fundamental principles which govern the action of all electron tubes, 


with space devoted to applications to illustrate their v rsatility. The book is essentia y non 
mathematical, but includes a statement of all important equations and data for their use. This 
part of the work includes not only the individual physical phenomena contributing to the tub 
characteristics, but also the tube characteristics themselves, illustrated by data taken on typical 
tubes. 


Published September 1936 173 pages; 89 illus.; 6x9; $2.50 
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SCIENCE IN AN AMERICAN PROGRAM FOR 
SOCIAL PROGRESS 


By Dr. KARL T. COMPTON 
PRESIDENT, MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


THE réle which science has played in 
social progress is nowhere more succinctly 
set forth than in the preamble to resolu- 
tions adopted by the American Associa- 
tion for the Advancement of Science, and 
submitted to the President of the United 
States in December, 1934: 


WHEREAS, Development and application of 
science have been basic to the economic and 
social progress of nations, making possible such 
movements as universal education, abolition of 
child labor and slavery, emancipation of women, 
insurance and pensions, moderate hours of labor 
and great improvement in the standards of 
health, comfort and satisfaction in living; and 

WHEREAS, Scientific developments have not 
only conferred general benefits, but in particu- 
lar have been largely effective in leading to re- 
covery from previous depressions—as the rail- 
road industry following the depression of 1870, 
the electric industry following that of 1896, and 
the automobile industry following that of 1907; 
and 

WHEREAS, Scientific research is a productive 
investment proven by experience to yield a high 
rate of return, as illustrated by the saving of 
$2,000,000,000 per year from the Bessemer steel 
process and of over $1,000,000 per day from the 
modern incandescent lamp, and as illustrated 
also by the entire chemical, electrical, communi- 
cation, transportation and metallurgical indus- 
tries and by the enormous employment in such 
industries ; 


That our national health, prosperity, 
pleasure, and indeed our very existence, 
depend largely upon science for their 


maintenance and their future develop- 
ment, no informed person would deny. 
Within our generation this truth has 
been emphasized, for we have come to 
the end of free expansion by migration 
westward, and of free exploitation of 
ever newly discovered resources of soil 
and minerals. We have reached the 
point beyond which further increase in 
our wealth, population, physical comfort 
and cultural opportunity will depend not 
on discovering new resources by geo- 
graphical exploration but by wiser use 
of the resources that we now have, 
through scientific exploration. 

This idea is not new, but I doubt if 
we realize its profound significance; it 
marks a turning point in the history of 
the world! How did the Egyptians, the 
Greeks and the Romans secure their 
wealth? By plunder and taxation of 
conquered nations and by ‘“‘labor-sav- 
ing’’ production through the work of 
enslaved peoples. How were the great 
commerce and wealth of England ac- 
quired? Through geographical explora- 
tion, conquest and colonization of virgin 
lands with such returns in wealth as we 
find it hard now to comprehend. For 
example, the profits of the British East 
India Company were of the order of 100 
per cent. on each voyage of its merchant- 
men. 
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Now all livable portions of the world 
are settled and closely interconnected by 
travel and trade. Probably the Italian 
conquest of Ethiopia and Japan’s expan- 
sions into China are about the ending of 
the centuries old struggle for wealth 
through territorial conquest. In our own 
country, Horace Greeley’s advice ‘‘Go 
west, young man, go west’’ no longer has 
its original significance. The geographi- 
cal pioneer is now supplanted by the 
scientific pioneer, whose thrill of discov- 
ery or urge for reward is no less keen 
and whose fields of exploration are proba- 
bly unlimited. Without the scientific 
pioneer our civilization would stand still 
and our spirit would stagnate; with him 
mankind will continue to work toward 
his higher destiny. This being so, our 
problem is to make science as effective 
an element as possible in our American 
program for social progress. 

Practically all scientific work in the 
United States is carried on under one or 
another of three auspices—the govern- 
ment, industrial organizations, and edu- 
cational institutions or similar altruistic 
foundations. The scientific services of 
the Federal Government are spread 
through forty bureaus, of which eighteen 
are primarily scientific. There are about 
630 colleges and universities in the 
United States, including 155 engineering 
schools. There are upwards of 1,600 re- 
search laboratories operated by indus- 
trial companies. Watson Davis, of 
Science Service, recently estimated the 
total annual national expenditure in 
scientific research work as about $100,- 
000,000, divided roughly equally between 
government, educational institutions and 
industry. Each of these three categories 
of scientific work has its proper scope, 
limitations and opportunities. Each has 
its peculiar problems of operation. I 
will proceed, therefore, to discuss them 
separately. 


ScrENCE IN GOVERNMENT 

During the two and a half years of its 
existence, terminating last December, I 
had the extraordinary opportunity to 
serve as chairman of the Science Advi- 
sory Board, under which, with its sub- 
committees, more than a hundred of the 
country’s ablest scientists and engineers 
gave free and devoted service to the 
scientific interests of the government at 
the request of the President. Out of this 
experience I could draw a kaleidoscopic 
picture of the scientific work of the gov- 
ernment: work of vast importance to the 
welfare of the country; staffed by an 
army of able scientists single-mindedly 
devoted to their respective jobs ; financed 
by less than half of one per cent. of the 
total governmental budget; replete with 
duplicating and uncoordinated effort; 
subject to the charge that many projects 
are started, but few are ever stopped; 
with partisan loyalties to bureaus and 
departments continually blocking at- 
tempts at changes in organization even 
when there is no disagreement as to the 
improved efficiency that would thereby 
be gained ; with almost no executive offi- 
cers, more permanent than the current 
administration, to coordinate the various 
bureaus, direct their programs and plan 
their future; yet with sincere and often 
courageous concern on the part of de- 
partment secretaries for the efficient 
working of the bureaus under their juris- 
dictions; and under all these conditions 
a surprisingly effective service ; these are 
some of the facets of this kaleidoscopic 
picture. (In these remarks I except the 
two military departments, which are 
organized on a more permanent basis. ) 

This is not the occasion to discuss the 
specific problems which were referred to 
the Science Advisory Board, which were 
technical problems of organization, scien- 
tific programs, budgets or personnel. 
Suffice it to say that there was generally 
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good cooperation from high officials from 
the President down and that there was 
much actual accomplishment, reflected in 
the present and pending operations of a 
number of the scientific bureaus, despite 
regrettable failure to achieve results in 
some important matters. But of greater 
significance than these specific jobs was 
the development in the minds of the 
board of a certain conception of the réle 
of the government in science which I can 
not present better than by quoting cer- 
tain passages from the final report of the 
Science Advisory Board to the Presi- 
dent : 


An absolute prerequisite to (our national) 
welfare, independent of political theories and 
basic to attempts at national planning or im- 
provement of any kind or degree, is adequate 
scientific information regarding the materials 
and forces with which great groups of our 
population have to deal. This is the justifica- 
tion for the existence of scientific bureaus in 
the Government. 

In a democracy like ours, designed to safe- 
guard personal liberty and to stimulate indi- 
vidual initiative within the framework of 
‘*general welfare,’’ there is no need for the 
Government to embark upon comprehensive pro- 
grams in pure science, invention or industrial 
development. There are, however, numerous 
scientific services of such wide scope and univer- 
sal utility that no agency except the Government 
is competent adequately to handle them. (In 
this category are public health, weather fore- 
casting, topographic mapping, development of 
scientific and technical standards, mineral sur- 
veys and statistics, safety codes, patents, soil 
science, improvement of crops and live stock.) 
There are other scientific services which are 
essentially supplementary to non-scientific gov- 
ernmental activities. (Among these are engi- 
neering work relating to flood control, water 
supply and aids to navigation; scientific aids to 
national defense; development of standards for 
the purchasing of supplies for use of govern- 
mental bureaus.) There are also fields of scien- 
tific or technical development which hold evident 
promise of benefiting the public but which are 
not proper or practical fields for private initia- 
tive (such as the activities of the National 
Advisory Committee for Aeronautics, and the 
financial aid to land grant colleges for develop- 
ment of agriculture and engineering arts). In 


these three categories and in this order of im- 
portance lie the proper scientific activities of the 
Government. 

The first scientific bureaus to be established 
had to concern themselves but little with the 
coordination of their programs. Each filled a 
definite need and its purpose was to gather facts 
in a designated field. (These federal services, 
however, have expanded enormously with the 
increasingly complex demands of our civiliza- 
tion.) Side by side with the growth in the 
number of bureaus and in the multiplicity of 
their functions, there should have been applied 
(more rigorously) the principle of coordination 
of related work, no matter in what bureaus the 
work may be done. (This is a primary requisite 
for efficiency.) 

Freedom of scientific work from political or 
policy-making influences is a second prime con- 
sideration. Whatever the trend of social or 
political thought and whatever the degree of 
national planning, the people of the country 
have the right to expect that the scientific ser- 
vices are always free to report and interpret the 
facts in a given field of inquiry as they find them 
and not as the government of the day may wish 
to have them reported or interpreted. (They) 
should be free to produce results that are not 
discolored by the opinions and snap judgments 
of policy-making political groups who may wish 
to put the dignity of ‘‘science’’ behind their 
plans in order to win public approval. 

Over and above the work of particular scien- 
tific bureaus, there is increasing activity on the 
part of the Government in undertaking large 
projects whose feasibility or justification are 
matters for technical decision from many points 
of view: scientific, economic, humanitarian. 
Examples of such projects are: irrigation, 
power development, flood control, soil erosion 
control, shelter belt, waterways, retirement of 
sub-marginal land and colonization. Where 
huge sums are involved and large groups of 
people affected, it is more than ever necessary 
that decisions and policies should be settled only 
after the most thorough, competent and disin- 
terested study of such questions as: Is the proj- 
ect technically feasible? Will it accomplish its 
purpose? What are the alternatives, and has 
the best plan been selected? Will the benefits 
justify the expenditure? For technical advice 
on such questions, Congress and the Executive 
Departments should have ready access to, and 
should use, the best talent available both within 
and outside of the government services. 

It is (therefore) the concern of every citizen 
that there be available to government the most 
competent and impartial advice which can be 
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found. The endurance of our traditional form 
of government will depend in increasing measure 
upon the quality of expert judgment, tempered 
with experience, which is available to govern- 
ment, and the willingness of government to fol- 
low such judgment. 


Considerations like these led the Sci- 
ence Advisory Board to recommend to 
the President the permanent establish- 
ment of a scientific advisory council, its 
members to be nominated by the National 
Academy of Sciences and to serve with- 
out pay, but with provision for necessary 
travel and secretarial expenses. This 
council would be enabled to appoint sub- 
committees on the principal scientific 
bureaus. The duties of this group would 
consist, first, in assisting the bureau 
chiefs to formulate general programs and 
policies ; second, in promoting coordina- 
tion and working against improper dupli- 
cation of effort of the various bureaus; 
third, in interpreting, criticizing or de- 
fending the work and plans of the 
bureaus before the responsible depart- 
ment secretaries and congressional com- 
mittees ; fourth, in giving to the director 
of the budget its critical and independent 
judgment, (advisory only), regarding 
budgets and requests for appropriations 
for scientific work in the non-military 
departments. 

It is my conviction, shared by my 
engineering and scientific colleagues who 
have studied the situation during the 
past three years, that some such plan 
would be feasible, and that it would do 
more to increase the efficiency and the 
prestige of the federal scientific services 
than can be achieved in any other way. 
It may be that thought of such an inde- 
pendent and sometimes critical advisory 
service is not relished by any official who 
is more concerned with maintaining his 
unlimited authority than with ensuring 
efficient conduct of the people’s business 
for which he is responsible. But when I 


heard a high official say that ‘‘of course» 
the plan is impractical,’’ I thought to 


myself that this only means that he and 
some of his colleagues do not like it. 
Plans similar to the one here proposed 
have been in successful operation in sev- 
eral European countries in recent years. 
In Great Britain, for example, a group 
of the Empire’s greatest scientists act as 
official advisers to the privy council on 
all questions of programs and budgets 
for scientific work under governmental 
auspices. 
ScrencE In INDUSTRY 


Turning now to industry, we have no 
difficulty in defining its proper scope of 
scientific research: that type of research 
is justified which shows reasonable prom- 
ise of producing better products or desir- 
able new products which can be made 
and sold with profit or of reducing the 
cost of existing products. Within this 
simple definition, however, lies great 
scope for informed judgment, courage 
and skill in the decision as to ‘‘ what con- 
stitutes reasonable promise ?’’ and ‘‘how 
great is this promise in comparison with 
the probable cost?’’ It is the action on 
such questions that largely determines 
the future growth or decay of an indus- 
try. 

Experience has convinced progressive 
industries that as much as several per 
cent. of income can profitably be spent 
on research. This expenditure is both 
an investment for future dividends and 
an insurance against future loss through 
obsolescence or more enlightened compe- 
tition. Dr. Robert A. Millikan empha- 
sized the investment aspect when he said : 
**Research pays because you know what 
you want, go after it with informed 
brains by the scientific method, and in 
general get it: But it often yields (extra) 
dividends because you get something 
more that you didn’t go after.’’ And 
Francis Bacon, over three hundred years 
ago, described the fate of the industry 
which neglects research when he wrote: 
‘That which man altereth not for the 
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better, Time, the Great Innovator, alter- 
eth for the worse.’’ The statement is not 
unusual which was made a few years ago 
by the president of a great manufactur- 
ing company when he told his stockhold- 
ers that 60 per cent. of sales that year 
had been of products that ten years 
before were unknown. 

Several years ago the National Re- 
search Council compared the financial 
health of industries, as a function of 
their activity in research, as measured, 
for example, by relative expenditures for 
research. At the top were such indus- 
tries as the chemical, electrical, communi- 
cations and automotive; toward the bot- 
tom were railroads, lumber and textiles. 
The correlation between support of re- 
search and financial prosperity was 
decidedly striking and has been an effec- 
tive object lesson. 

In any attempt to make science more 
effective in industry and through it more 
helpful to the public, certain obstacles 
must be met and overcome. 

First I would mention the so-called 
‘‘hard-headed practical business man’’; 
a man without vision, imagination or 
enthusiasm for new things; a man who 
scoffs at theory or a college degree; a 
man whose sole criterion of proper prac- 
tice is that which he has been accustomed 
to in the past ; a man who spends as little 
as he can on research in order that his 
profits day by day may be larger. The 
withering policies of such men have 
driven many a flourishing business into 
obsolescence. If, by accident, a research 
laboratory has been set up in this man’s 
company, its staff will be among the first 
to be fired in a depression, thus saving 
temporarily dollars but losing perma- 
nently the capital investment in trained 
intelligence. 

In this same class I would place that 
type of control, sometimes exercised by 
a financial group, which focusses atten- 
tion on the profits of the current year 


to practical exclusion of developing 
strength for the future. I see many 
examples of this, in which the organiza- 
tion has become so weakened by the time 
it sees its mistake that it has not the 
strength to embark on a different course, 
and therefore continues to become sicker 
and sicker. One species of this type of 
business anemia arises when the cost ac- 
countant becomes the master instead of 
the servant—applying cut-and-dried 
methods of evaluation, on a monthly or 
yearly basis without discrimination and 
without realizing the values which may 
reside in a research, a big idea or an 
active brain. 

From these two examples, which I have 
purposely stated strongly, you may infer 
that I advocate the growing tendency to 
give technically trained men an increas- 
ing share in the management and policy- 
making activities of industry—and I do 
not mean to infer that financially trained 
men are not also essential. 

A second obstacle is the cost, delay and 
uncertainty in the operation of our out- 
moded patent procedures. This is one 
of the major hindrances to the develop- 
ment of new industries and the supplying 
of new employment through the results 
of science. It is greatly to be hoped that 
favorable action will be taken by Con- 
gress on several recommendations by the 
Science Advisory Board aimed at in- 
creasing the presumptive validity of 
patents and the accuracy and ease of 
decisions by the courts. 

A third obstacle is found in the in- 
creasing regulatory activities of the gov- 
ernment for the stated objective of 
protecting the public, but sometimes in 
the nature of disastrous boomerangs. I 
believe that an increasing degree of regu- 
lation of business for protection of the 
public is a necessary accompaniment of 
increasing general complexity and com- 
petition. But this regulation should be 
benevolent and intelligent, two charac- 
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teristics which are not as prevalent as 
they should be. A fundamental diffi- 
culty appears to reside in the fact that 
in general we are governed by politicians 
rather than by statesmen. By this I 
mean that our elected rulers are gen- 
erally men of alert perception to public 
opinion, nimble in debate, persuasive in 
oratory and skilful in dealing with group 
psychology ; but these excellent qualities 
do not necessarily fit them to make wise 
decisions in such questions as: What 
technical procedure of subsidies, or cur- 
tailed planting, or research to create new 
industrial uses for his products, will best 
help the farmer and at the same time the 
country as a whole? or, Is a public utility 
company justified in charging on its bills 
to to-day’s customers part of the cost of 
research designed to improve or cheapen 
the service of to-morrow’s customers? 
These are profound questions, which 
greatly affect the ability of science to 
promote our social welfare. Our present 
method of deciding such questions is 
frequently expensive, illogical or ludi- 
crous and is sometimes disastrous. How- 
ever, while recognizing this difficulty, I 
can offer no solution to it and am unable 
to prove that we do not have the best of 
all possible types of governments in the 
best of all possible worlds, in the long 
run. Thus I will mention the govern- 
ment no more, except to point out that 
its present attitude toward both indus- 
try and science is in unflattering con- 
trast with that of several European coun- 
tries which have helped industry in a 
positive way by offering it definite in- 
centives to embark upon a more active 
program of scientific and industrial re- 
search, considering this to be a national 
investment for future prosperity and 
employment. 


ScrENCE In EDUCATIONAL INSTITUTIONS 


In educational institutions, science has 
no limitations in search for truth except 


those imposed by availability of ideas, 
workers, facilities and funds. Such in- 
stitutions have always been the places 
where the great bulk of new discoveries 
are made and ideas born, and this will 
continue to be so, since there exist no 
other organizations where such studies 
can be similarly pursued. The practical 
aims of educational institutions in sci- 
ence are well described by Dr. Isaiah 
Bowman: ‘‘The trade school exists for 
the admirable purpose of putting prac- 
tically trained men into jobs; the uni- 
versity exists, among other things, to 
create and expand the sciences that pro- 
vide the jobs. It is in engineering that 
these two points of view are effectively 
joined.’’ 

The fact that the universities and engi- 
neering schools do feed industry with 
most of the new ideas, which industry 
then transforms into products of social 
value, was illustrated by Dr. Roger 
Adams in his recent presidential address 
before the American Chemical Society 
when he said, ‘‘The basic and funda- 
mental information for over 95 per cent. 
of the industrial processes has been 
originally discovered and described by 
the university investigator.’’ I recall a 
statement written by Herbert Hoover, 
when he was Secretary of Commerce, in 
which he expressed concern lest the in- 
dustrial supremacy of America should 
be lost because our industrial leaders 
were not actively enough concerned with 
laying the foundations for the industrial 
future by strongly supporting pure sci- 
entific work at the present time. Mr. 
Hoover not only believed this, but he 
worked to bring about increased sup- 
port of pure science by industry until 
the presidency brought him new and 
greater problems. 

Growth of industry and employment 
and gain in civilization through science 
are like the growth of plants in nature: 
of many seeds which are scattered, only 
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a few grow to be vigorous plants; but 
if no seeds were produced and scattered 
there would be no plants at all. Scien- 
tific discoveries are the seeds of industry 
and public welfare, and the universities 
are the nurseries in which they are pro- 
duced and nurtured to the point where 
some of them can be transplanted into 
the fields of industry. I once likened 
new industries to babies—they need 
shelter and nourishment, which they take 
in the form of patent protection and 
financing. But, before all, they need to 
be born, and their parents are science 
and invention. Neither laws nor com- 
mittees nor juggling acts nor wishful 
thinking can perform the first necessary 
step of conception. To maintain and 
advance our civilization we need more 
and better scientific seeds and industrial 
babies. The educational institutions of 
higher learning are the birthplaces of 
this new knowledge, as well as the train- 
ing and proving grounds for the young 
men and women who will carry this 
knowledge on and put it to practical use. 

In discussing this matter with my 
friend, Dr. Charles F. Kettering, he ex- 
pressed the opinion that one of the major 
problems of both industry and the uni- 
versities is to facilitate this production 
and nurture of the seeds of industrial 
progress, in the universities, and to 
narrow the gap and hazard between 
discovery and successfully launched bus- 
iness. To do this requires closer coopera- 
tion between industry and educational 
institutions, involving more active re- 
search programs in the institutions, their 
more generous financial support by in- 
dustry or by the captains of industry, 
and closer personal contacts between the 
men in the two groups who have related 
interests. 

My own observations of what can be 
accomplished in an educational institu- 
tion like the one which I represent con- 
vince me that there are really great op- 


portunities along these lines. I have seen 
the sprouting of literally hundreds of 
promising ideas ; I have seen the coopera- 
tive effort of professorial chemists, physi- 
cists, electrical engineers and metallur- 
gists solve serious industrial problems 
that had baffled the skilled practical men 
of industry; I have seen a little of the 
desired financial support; and I have 
seen productive mutual stimulation in 
such cooperation. As I see it, a great 
university or engineering school already 
possesses, because of its teaching respon- 
sibilities, the principal overhead of staff, 
facilities and administrative organiza- 
tion necessary for a large research pro- 
gram, so that relatively large returns in 
the fields of research and development 
ean be secured with relatively little addi- 
tional financial support. It is in this 
direction that there lies, in my judgment, 
the greatest opportunity for increased 
contributions to public welfare through 
science in the leading educational insti- 
tutions, and thus far the surface has only 
been scratched. I believe that, with more 
adequate financial support, a new order 
of institutional public service will be 
possible. 

One peculiarity of scientific research 
is that its results can usually not be fore- 
seen, for if they could be foretold they 
would not be new. Also, when a new dis- 
covery is made, it is not usually imme- 
diately obvious as to the possibilities of 
its practical uses. And again, the solu- 
tion of a scientific problem may be a long, 
hard struggle—longer than was realized 
by a visitor who asked Harvard’s Presi- 
dent Conant what he was doing in his 
laboratory. When Conant replied, ‘‘ We 
are seeking to discover the chemical 
formula for chlorophyl,’’ his visitor ex- 
claimed, ‘‘ Why, how is that? You were 
working on that problem when I was 
here last year!’’ 

Because of these uncertainties I can 
not predict just what the next big sci- 
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entific developments will be, but I can 
assure you that they will come and that 
they will be important. Among the fields 
that seem to me to show especial promise 
are: development of new industrial uses 
for farm products; improvements in 
transmission and utilization of electric 
power; great developments in materials 
and methods of building construction; 
increased range and precision of weather 
forecasting ; conquest of hitherto uncon- 
quered diseases, both physical and men- 
tal; better regulation of bodily func- 
tions; a new era in biological discovery 
operating with the tools of physics, chem- 
istry and engineering; a similar new era 
in physical science centered around 
atomic nuclear transformations; and so 
on, the field is literally limitless. 
Having thus suggested a few of the 
more significant ways in which science 
may be made to contribute more effec- 


tively to the American program for 
social progress, through the agencies of 
government, industry and education, I 
close by saying that the greatest of all 
contributions of science is not to be 
found in the comforts, pleasures or 
profits which flow from it, but in the 
freedom and imagination which it has 
brought to the human spirit and the 
sense of relationship and unity in the 
world. Of all descriptions of the true 
spirit of science I like best the words 
of the ancient Greek philosopher, Aris- 
totle, which appear engraved on the 
beautiful home of the National Academy 
of Sciences in Washington: ‘‘Search for 
truth is in one way hard and in another 
way easy, for it is evident that no one 
ean master it fully nor miss it wholly, 
but each adds a little to our knowledge of 
Nature, and from all the facts assembled 
there arises a certain grandeur.’’ 
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HEREDITY AND ENVIRONMENT IN THE LIGHT 
OF THE STUDY OF TWINS 


By Dr. FRANK N. FREEMAN 
PROFESSOR OF EDUCATIONAL PSYCHOLOGY, UNIVERSITY OF CHICAGO 


THE question of the relative influence 
of heredity and environment is one of 
practical importance. If human abilities 
and personality are determined almost 
wholly by heredity, as some scientists 
maintain, the chief function of education 
and guidance is to determine what the 
individual’s native characteristics are 
and then to plan his career in accordance 
with them. The individual’s education 
and his choice of a vocation should, on 
this view, be very narrowly governed by 
his inborn capacity and his native inter- 
ests. If these are disregarded he will be 
both unsuccessful and unhappy. 

The question also bears on the possi- 
bility of altering the intelligence or 
behavior of human beings in the mass, 
and thereby improving the quality of 
human life. If the differences between 
persons are rigidly fixed, it follows that 
each person’s ability and personality can 
not be modified by any environmental 
influence and that the general average 
must remain the same from one genera- 
tion to another. On this view the only 
method of raising the general level of 
human intelligence or behavior is to im- 
prove the human stock through eugenics. 

The view one holds on the question of 
heredity and environment is also bound 
up with one’s general philosophy of life. 
It affects one’s self-respect and self- 
esteem and the respect and esteem one 
has for others. It is involved in one’s 
estimate of the people of various races, 
nations or social classes. We commonly 
characterize two generally contrasted 
attitudes on these matters as the aristo- 
cratic and the democratic points of view. 
The aristocratic philosophy is based on 
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the assumption that one class of people 
inherit and pass on to their descendants 
superior traits, and that a sharp line 
divides the aristocrats from the common 
people. The democratic philosophy, 
while it may recognize the existence of 
individual differences, denies that the 
actual traits manifested by individuals 
are predominantly inherited or that 
social classes are distinguished chiefly by 
a wide difference in inherent character- 
istics. 

It is natural that a question of such 
large practical importance should have 
been debated from time immemorial. It 
may seem strange, however, that the 
debate concerning heredity and environ- 
ment has persisted so long without com- 
ing to a conclusion upon which scholars 
ean agree. Ever since 1869, when Fran- 
cis Galton published his ‘‘ Hereditary 
Genius,’’ scientists have been studying 
this question. In 1927 the National 
Society for the Study of Education pub- 
lished a yearbook in which were brought 
together a collection of studies by a large 
number of authors. The disagreement 
between these authors was more striking 
than their agreement. Similar disagree- 
ment is revealed in a more recent and 
complete review of the scientific litera- 
ture on the problem by Gladys Schwes- 
inger, entitled ‘‘ Heredity and Environ- 
ment.’’ 

There must be some reason why it is so 
difficult to come to a conclusion with 
which a large majority of scientists will 
agree. One reason will appear if one 
examines the typical studies. Nearly all 
the studies consist in a comparison of 
one group of persons with another. The 
army tests given during the World War 
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furnished an opportunity for a number 
of these comparisons on a large scale. 
For example, the average scores of the 
recruits from the various states of the 
Union were calculated and compared. 
The comparison of these average scores 
shows that they differed widely. The 
extremes were the states of Mississippi 
and Oregon, the men from the latter 
state making an average score just twice 
that of the men from the former. The 
averages of the men from the other states 
ranged between these extremes. 

Oddly enough, these differences be- 
tween the men in the various states have 
been seized upon by the hereditarians 
and the environmentalists alike as evi- 
dence in support of their own opinion. 
The hereditarians take these differences 
as evidence of variations in the native 
stock of the populations of the various 
states. The environmentalists, on the 
other hand, point out that these differ- 
ences correspond to differences in the 
educational and cultural opportunities 
in the states as represented by the devel- 
opment of the school systems, the number 
of libraries, the circulation of maga- 
zines, and so on. The correspondence 
between the cultural opportunities 
and the intellectual level of the popula- 
tion can be demonstrated statistically. 
Which is cause and which is effect, how- 
ever, may be the subject of interminable 
debate. 

The same ambiguity renders inconclu- 
sive the comparison between races, be- 
tween immigrants of various nationali- 
ties, between city dwellers and country 
dwellers, between members of various 
vocations and even between groups of 
persons who have had various amounts 
of education. That the person with 


longer schooling has higher ability might 
seem to be an unquestioned proof of the 
efficacy of education. The hereditarian, 
however, regards it as merely the result 
of the fact that only the person who is 
gifted by nature is capable of advancing 


to those levels of the school or college 
which demand higher intellectual ca- 
pacity. Even the comparison between 
the ability of parents and children, with 
which Galton started the scientific inves- 
tigation of this problem, gives us no 
means of discriminating between hered- 
ity and environment. Children, to be 
sure, have similar heredity to that of 
their parents, but they also have similar 
environment. Which factor, then, is 
more influential in producing the resul- 
tant similarity in character or ability is 
a matter of speculation. 

To make any progress in answering the 
question some means must be found to 
separate the effect of heredity from that 
of environment. One method of doing 
this is to study foster children, particu- 
larly those who are separated from their 
parents in infancy. If foster children 
are adopted into a different grade of 
home from that of their true parents, 
and if their intelligence or behavior 
differs from what we would have ex- 
pected if they had remained with their 
own parents, we may attribute the dif- 
ference to a change in the environment. 
There is no space in this article to give 
an account of the results of the study of 
foster children. Suffice it to say that 
they give evidence that the children 
whose environment has been improved 
by adoption are themselves improved in 
both intelligence and conduct. 

Still better subjects of study are fur- 
nished by twins. This was recognized 
by Galton himself, who made a rather 
extensive questionnaire investigation of 
the similarities between twins. Galton 
was the first one to bring out clearly the 
fact that there are two kinds of twins, 
the identical and the fraternal. Since 
Galton did not conduct tests or even 
interview his twins, however, he was not 
able to determine to any exact degree the 
amount of difference between the two 
types. 

The reason that identical and fraternal 
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twins are such valuable subjects of study 
is that they enable us to make two en- 
tirely new comparisons. What these 
comparisons are we shall see in a moment. 
To understand them we must be clear 
about the nature of the difference 
between the two types of twins. 
Fraternal twins are not fundamentally 
different from brothers and sisters in 
general. They may be either of the same 
sex or of opposite sexes, as in the case 
of brothers and sisters. This is because 
each twin develops from a _ separate 
ovum which happens to be fertilized at 
the same time as the other. The resem- 
blance between fraternal twins is, then, 
on the average, as close and no closer 
than that between brothers and sisters, 
so far as their heredity is concerned. 
This means that, on the average, the 
heredity of fraternal twins is common to 
the extent of 50 per cent. Of course, in 
some pairs the common heredity is more 
than one half and in other pairs it is 
less than one half, but it averages just 


one half for all pairs taken together. 
Identical twins, on the other hand, 

differ fundamentally from both frater- 

nal twins and brothers and sisters. They 


are always of the same sex. We may 
know definitely, then, that if twins are 
of the opposite sex they are fraternal and 
not identical. Identical twins are of the 
same sex because they develop from one 
fertilized ovum which divides completely 
and forms two separate individuals. In 
some cases the division is not complete 
and then we have Siamese twins. Identi- 
eal twins, then, have exactly the same 
heredity and are as much alike as are the 
two sides of the same person. Their 
hereditary resemblance is 100 per cent. 
instead of 50 per cent. 

What now are the two comparisons 
that we can make, using these two types 
of twins? In the first place, we compare 
identical twins with fraternal twins who 
are brought up together. By this com- 
parison we can discover whether the 


greater hereditary resemblance makes 
identical twins more alike in ability or 
in personality and, if so, how much more 
alike they are. Because identical and 
fraternal twins brought up together are 
alike in environment but different in 
heredity, this comparison enables us to 
separate the influence of environment 
and heredity and to measure the effect 
of a difference in heredity when environ- 
ment remains the same. We thus avoid 
the ambiguity which inheres in nearly 
all the comparisons hitherto made by 
virtue of the fact that both environment 
and heredity differ, and that it is conse- 
quently impossible to determine how far 
the resultant difference is due to the one 
or the other factor. 

What, then, in brief does this compari- 
son show? It shows beyond question 
that differences in heredity do produce 
differences between people and that simi- 
larity produces resemblances. In the 
majority of physical and mental mea- 
surements which were applied to the two 
types of twins, identical twins are de- 
cidedly more alike than are fraternal 
twins. It may be objected that the en- 
vironment of the two types of twins is 
not exactly similar. Identical twins, 
because of their greater similarity, may 
associate more constantly with each 
other, may have more largely the same 
friends, may dress alike, read the same 
books, attend the same lectures or movies 
and be treated alike by other people. 
Fraternal twins, on the other hand, may 
pursue somewhat more widely different 
paths. This may be granted, but it is 
probably a minor point which does not 
affect our general conclusion. 

While it is true that identical twins 
are more alike than fraternal twins in 
the majority of traits, the contrast is 
greater in some traits than in others. 
This is an instructive fact. It suggests 
that some traits are determined more 
exclusively or more largely by heredity 
than are others. 
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The trait in which there is the greatest 
contrast between identical and fraternal 
twins is a physical trait, namely, the 
finger ridges which are recorded in finger 
prints. Identical twins have almost ex- 
actly the same number of finger ridges. 
In fact, the hand of one identical twin 
is as much alike in this respect to the 
hand of the other as are the two hands 
of the same person. The resemblance in 
the number of finger ridges of fraternal 
twins is very much less, being only about 
half as great as that of identical twins. 
This gives us a measure of the amount of 
contrast between the two types of twins 
in a trait which is not affected at all by 
the environment. It gives a base of com- 
parison for the contrast in degree of 
resemblance in the other traits. 

If we take the degree of contrast be- 
tween the two types of twins as an 
indication of the influence of the heredi- 
tary factor we find that in no other traits 
that we have measured is the hereditary 
factor so great as in the case of finger 
ridges. In height the hereditary factor 
is fairly large, but in weight it is much 
less. Body weight, in other words, is 
influenced more by the environment than 
is height. 

When we examine mental traits we 
find that they differ also in the degree 
to which they are determined by hered- 
ity. General mental ability, as measured 
by an intelligence test, seems to be deter- 
mined to about the same degree as is 
weight. That is, it is determined partly 
by heredity and partly by environment, 
but how much by the two we can not 
judge accurately from this type of evi- 
dence. Educational achievement, as 
measured by a comprehensive achieve- 
ment test, is determined somewhat more 
by the environment and somewhat less 
by heredity than is general intelligence. 

In the case of traits of personality, 
such as emotional excitability or emo- 
tional balance and social adjustment”or 
even rapidity of movement, the evidence 


is not quite clear. On the face of the 
returns it would appear that these traits 
of personality are determined much less 
by heredity than is mental ability or edu- 
cational achievement. The tests in this 
field, however, are newer and such a con- 
clusion should be entertained with a good 
deal of reservation. Further evidence on 
this point is yielded by the second com- 
parison about to be described. 

In the second comparison we use only 
the identical twins. In the first com- 
parison two groups of twins were com- 
pared who have similar environment but 
different heredity. In the second com- 
parison groups of twins are compared 
who have the same heredity but differ in 
environment. 

In order to make this comparison it is 
necessary to find identical twins who 
have been separated in infancy and 
brought up under different surround- 
ings. This is not easy. Twins, of course, 
are usually brought up together, and 
when they are brought up apart they 
may be so completely separated that they 
are out of touch with each other. Even 
if such pairs are found it is not always 
possible to persuade them to submit to 
an examination. 

In a study recently completed at the 
University of Chicago’ nineteen such 
pairs of separated identical twins were 
discovered and given a thoroughgoing 
examination. Only one such case had 
been reported in the literature pre- 
viously. These nineteen pairs, because 
of the novelty of the evidence and of its 
conclusiveness, make a considerable con- 
tribution to our knowledge on the prob- 
lem before us. 

If we take the nineteen pairs as a whole 
and compare them with identical twins 
brought up together, we get a contrast 
which is somewhat analogous to that 
between identical twins and fraternal 
twins in the same home. We have here 


1In collaboration with Drs. H. H. Newman 
and Karl J. Holzinger. 
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two groups similar in heredity but differ- 
ing in environment. In all the mental 
traits which were tested the separated 
identical twins differ more than do the 
identical twins brought up _ together. 
The difference appears both in intelli- 
venece and educational achievement but 
is somewhat greater in the latter than in 
the former. 

This comparison is not very satisfac- 
tory, however, because in some cases the 
separated twins were brought up in 
homes which were very much alike, were 
given about the same kind and amount 
of education and had lived subsequently 
under the same general conditions. It is 
more instructive, therefore, to examine 
the various separated pairs, to study the 
degrees of difference in their environ- 
ment, and to examine the relation be- 
tween the difference in their environment 
and the difference in their traits. 

Two or three cases will illustrate the 
amount of difference in ability or per- 
sonality which may be produced by a 
arge difference in the environment. <A 
rather specific difference in the environ- 
ment which can be stated in fairly accu- 
rate terms is the difference in formal 
The difference in 
formal schooling of any of our pairs was 


schooling. largest 
found in the case of two sisters, one of 
whom had had only two years of school- 
ing and the other of whom had gone 
through college, taken a teacher’s course 
and subsequently became a high-school 
teacher as well as a teacher of music. 
The first sister had supplemented her 
formal schooling by her own efforts suffi- 
ciently so that she was able to hold a 
clerical position. 

The difference in schooling, however, 
had produced a chasm which could not 
be bridged by self-education. If mea- 
sured in terms of mental age the differ- 
ence in ability of the two sisters is 
equivalent to a difference of four years 
in development. When expressed in 
terms of the intelligence quotient the 


The 


twenty-four 


difference is twenty-four points. 
meaning of a difference of 
points may be grasped from the fact that 
the lower score would put the individual 
in the lowest fifth of the whole popula 
tion, and the higher score in the highest 
fifth. In other 


fifths of the entire population would lie 


words, more than three 


between these two scores. A few other 
pairs enjoyed widely different amounts 
of formal schooling, although in no other 
cases was the contrast so extreme as in 
this one. In one other pair the difference 
in IQ was nineteen and in a third it was 
seventeen. 

It might be thought that these are iso 
lated cases, and that the coincidence of 
a difference in education and in intellee 
That this is 


not true is shown by comparing the dif 


tual ability is an accident 


ference in education with the difference 
throughout the 
In general, the two differ 
closely If the 
difference in education is large the differ 


in intellectual ability 
entire group. 


ences correspt md vers 


ence in ability is large, and if the differ 
ence in education is small the difference 
in ability is also small. As might be 
expected, the difference in educational 
achievement corresponds almost exactly 
to the difference in the amount of educa 
tion which has been enjoyed. In other 
words, not only does a difference in edu 
cation affect the ability of the individuals 
who are compared, but the amount of 
difference in education corresponds 
closely with the amount of difference in 
ability. Since inheritance is identical, 
this is conclusive evidence that education 
and training are large factors in ability. 

What is the case with 
We are not able to compare the differ 


personality ? 


ence in personality with the difference 
in environment with quite the same pre- 
cision as in the case of ability. The 
reason is that degrees of difference in the 
environment do not correspond, so far 
as we can tell, to specific changes in per- 
sonality in a given direction, so that we 
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can measure the parallelism between the 
two. We are compelled, then, to study 
individual cases to see whether the spe- 
cific differences in personality which are 
found can reasonably be interpreted as 
corresponding to specific differences in 
the environment. Certain of the cases 
yield plausible evidence of such corre- 
spondence. 

A pair of identical twin sisters were 
brought up under rather widely different 
The first 


was reared in a home of wealth and eul- 


environmental circumstances. 
ture. The daughter enjoyed not only 
the regular advantages of the public 
school, but many additional educational 
advantages of an informal Her 
foster father, who is a prominent pro- 
fessional man, has a well-stocked library 


sort. 


which she was encouraged to make use 
of. A well-educated and highly cultured 
high-school teacher who is a near neigh- 
bor has taken the girl under her wing. 
She has received special musical educa- 
tion and has abundant opportunities for 
social life, in which she plays a leading 
and enthusiastic role. 

The general home conditions and social 
surroundings of the twin sister offer a 
sharp contrast. Her foster father, who 
is now dead, occupied a humble position 
in life. Her foster mother is jealous of 
any intrusion upon their personal rela- 
tions. She keeps her closely at home and 
withholds her so far as possible from the 
contacts of general social life. The home 
eultural and educational 
advantages. While the girl has attended 
the same type of public high school as 
has her sister, and has taken some music 
lessons, her general cultural environment 
is quite mediocre, whereas that of her 


has meager 


sister is exceptionally high. 


The sisters exhibit marked contrast 


both in intellect and in personality. A 
noteworthy fact is that the favored sister 
is more superior on general intelligence 
tests than she is on tests of educatiorral 
This is not surprising, 


achievement. 


since there is more contrast in the general 
intellectual environment than in formal 
schooling. In general manner the 
favored twin is poised, affable and self- 
confident, whereas her sister is somewhat 
awkward, diffident and restrained. In 
one of the tests the girls were asked to 
rate themselves in respect to certain con- 
trasting traits of personality. The un- 


favored sister rated herself as having 
inferior intelligence and inferior char- 
acter, whereas the favored sister rated 
herself as having a superior character 
and an average intelligence. The un- 
favored twin also rated herself as care- 
forgetful 


whereas her sister rated herself as only 


less, inaccurate, and slow, 
somewhat careless, as accurate, as rather 


industrious, as having a rather good 
memory and being of average quickness. 
These ratings may not indicate that the 
sisters are actually as different as they 
report themselves to be. They do indi- 
cate, however, that one thinks much more 
highly of herself than the other, and this 
may explain the apparent self-confidence 
of the one and self-depreciation of the 
other. 

In a pair of young men the contrast is 
not so much in temperament as it is in 
character. 
with the similarity of their appearance 
reti- 


They impress the observer 
and manner. Both are silent and 
cent and give the impression of possess- 
The 
graphie profiles of their scores on the 
Downey Will-Temperament Test, which 


is supposed to measure speed, aggressive- 


ing a great deal of reserve power. 


ness and care and attention to detail, are 
very similar. However, one is a steady, 
industrious worker, has earned his living 
for a number of years, and carried suc- 
cessfully a good deal of responsibility in 
the management of a good-sized business 
enterprise. His brother has never held 
but one job, and that as a simple laborer 
for a short period of time. He has re- 
peatedly run afoul of the law, and it is 
fairly safe to predict that he will never 
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hold a position of trust in the community. 
The conduct of these two men corre- 
sponds exactly with the standards of the 
homes in which they were brought up. 
In temperament they are the same, but 
in the choices that they make and in the 
social significance of their conduct they 
are as far apart as the east is from the 
west. 

Two other examples show the effect of 
environment on personality. One con- 
sists of two sisters, one of whom was 
brought up on a farm and the other 
in a town. Although clearly identical 
in heredity, the one is now rugged, 
energetic, bold and rather mannish in 
manner, whereas the other is delicate, 
feminine in 
Another 
pair of sisters, now in their teens, are 


languorous and decidedly 
appearance and in’ behavior. 


very similar, except that one is emotion- 
ally very well balanced, while the other 
shows decided neurotic symptoms. The 
first has been brought up in a rather free 
and easy atmosphere, whereas the second 
has had an over-stimulating social life 
under the care of a neurotic foster 
Incidentally, the latter girl is 


at least a year in advance of her sister 


mother. 


in physiological maturity. 

These examples are sufficient to show 
that sharp contrast may be produced in 
personality and character as well as in 
mental ability by differences in educa- 
tion, training and treatment. They give 
no warrant for the habit so many people 


have of attributing every trait of mind 
or of behavior which a person exhibits 
to inheritance from some ancestor who 
possessed a similar trait. The inheri- 
tance of such traits may take place, but 
there is no evidence that it must take 


place. On the contrary, there 1s vood 


evidence that one’s traits frequently 
have their origin in the environment as 
contrasted with heredity 

The study of twins has not answered 
all the questions that we would like to 
have answered. It does not inform us 
whether heredity or environment is the 
more influential. It has neti vet indicated 
just what the limits of the influence of 
environment are It does indicate that 
the environment may affect all kinds « 
traits; intellectual, temperamental and 
social. It indicates that this influence is 
large enough to be of the greatest Impor 
tance, and that human nature may be 
improved or debased to a degree which 
It proba 


bly indicates that we are far from having 


many have thought impossible 


exhausted the possibilities of education 


and training for the enlargement of 


mental power and the improvement of 
behavior. It indicates that large returns 
may be expected from a continued at 
tempt to improve the methods of educa 
tion Finally, it indicates that whi 

democracy may need to be adapted to the 
differences between people it is not the 
idle dream which some extreme hered 


tarians have made it out to be 








THE PRESENT STATUS OF COSMOLOGY. II 


By Professor RICHARD C. TOLMAN 


THE CALIFORNIA INSTITUTE OF TECHNOLOGY 


THe Extra-GaLactic NEBULAE 
And now we come to the last stage of 
cosmology that we can treat, the study 
of the nebulae, those great objects of 
which our own galaxy is a sample, that 
lie scattered far beyond with no decrease 


in distribution for the four hundred 
million light years that we can now 
explore. This is a stage of cosmological 


inquiry so vast and pregnant that we 
ean only undertake it in awe and humble- 
ness of spirit. 

Just as I have prefaced the treatment 
of earlier stages by a map or diagram, so 
we can commence the present study with 
a map that gives the results of Hubble’s 
counts of the numbers of nebulae in dif- 
ferent directions out as far as the twen- 
tieth magnitude. Our map, Fig. 23, is 
now one of the whole sky unrolled on to 
a flat surface. Each dot or circle on the 
map gives a place where the number of 
nebulae per unit area has been deter- 
mined. The small black dots which pre- 
dominate indicate places where the count 
is about what it is on the average, large 


black dots indicate excess counts, open 
circles places where the count was low, 
and crosses have been added where the 
count was exceedingly low or high (only 
one of the latter, since thick clusters were 
avoided). The little minus signs indi 
cate places where no nebulae at all were 
found. These lie along the equator of 
our own galaxy in a great irregular belt 
of obscuration, undoubtedly due to the 
clouds of obseuring dust in our own 
system. You will have noticed that the 
numbers of nebulae in different direc- 
tions are not so far from uniform, and 
when corrected in a reasonable manner 
by Hubble for the effect of an absorbing 
layer of dust, the large scale uniformity 
of distribution is somewhat improved. 
Next I must show you some actual pho- 
tographs of these nebulae, originally so 
named because their images often pre- 
sent a hazy or nebulous appearance. 
The forms in which nebulae occur may 
be divided into three main 
There is a small group of nebulae which 
are quite irregular in shape, a larger 


classes. 





FIG, 23. 


NEBULAR COUNTS OUT TO THE 20TH MAGNITUDE. 


HvuBBLE, Mt. WILSON ContTR. No. 485, PUBMSHED IN Astrophys. Jour., 79: 8, 1934. 
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FIG, 26. 


group which are ellipsoidal varying from 
globular to lenticular form, and finally 
the most numerous group with a more 
or less pronounced spiral structure. 
The nearest nebulae of all to our own 
galaxy are the two Magellanic Clouds, 
easily visible to the naked eye in the 
Southern Hemisphere. They belong to 
the group of irregular nebulae, and are 
near enough so that on the same seale as 
that of Plaskett’s diagram of the galaxy 
(Fig. 14) they would have appeared not 
very far below the lower left-hand corner 
of the figure. They are also near enough 
so that individual stars of different types 
ean be easily recognized within them, a 
matter of importance in the study of 
their structure and distance. Fig. 24 
gives the larger and nearer of the two 
Magellanic Clouds, and Fig. 25 gives the 


Vount Wilson Observatory 


SPHERICAL NEBULA IN VIRGO CLUSTER 


more distant lesser cloud together with a 
globular cluster that happens to lie in 
the same direction. 

Now for 
First, Fig. 26, much further away than 
the Magellanic Clouds, 
nebula in the Virgo cluster of nebulae 


some nebulae 


ellipt ical 
is a spherical 


together with some smaller nebulae and 
stars; next, Fig. 27, a slightly less spheri- 
and then, Figs. 28 
and 29, two even more flattened forms, 
N-G.C. 5866 and 3115. 

Finally, we 
nebulae which are among the most beau- 
tiful objects in the heavens. First, Fig. 
30, a late type spiral, Messier 33, taken 
with a long exposure to show that the 


eal one, Messier 32; 


must have some spiral 


spiral structure goes well into the in- 
terior; second, Fig. 31, an earlier type 


spiral, Messier 81. exposed so as to show 
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clearly the external spiral arms; then, 
Fig. 32, a very early type, N.G.C. 4594, 
nearly on edge, which shows very well 
the bright central nucleus and layer of 
absorbing dust ; and last, Fig. 33, another 
spiral, N.G.C. 4565, precisely on edge. 
[It took two nights with a total of five 
hours’ careful the Mount 
Wilson 60-inch reflector to get this last 
fine picture, and as you see it has almost 
exactly the Plas- 
kett’s diagram of our own galaxy. 

further photographs will be 


exposure on 


Same appearance as 
Several 
of interest to complete our general pic- 
tures of nebulae. Fig. 34 gives a small 
portion of a distant cluster of nebulae in 
Corona Borealis, with many nebulae on 
Fig. 35 gives some ellip- 
tical and spiral the 
plate in the constellation Leo; and Fig. 


the same plate; 
nebulae on same 
16 gives two views of the spiral nebula 
N.G.C, 4273 in the Virgo cluster, show 
ng at the right as of February 16, 1936, 
he enormous new star—a super nova 

vhich has temporarily blazed up in that 


ebula. 


J 
‘ 
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INTERNAL STRUCTURE OF THE NEBULAI 
We are now ready to consider the in 
ternal structure and behavio1 nebulae 
a little more in detail. For such studies 
we need nearby objects and Shai e sp 
cially interested in spiral nebulae, sine 
the ‘‘average’’ nebula may be taken as 
approximating a_ so-called Sb spira 
Hence we are very fortunate to find iv 
the Andromeda constellation a beautifu 
spiral, Messier 31, which is near enoug! 
and large enough so that it can actually 
be seen with the naked eye as a small 
hazy patch about in diamete 
Fig. 37 is a photograph showing Mes 
sier 31 together with two smalle ym 
panions, N.G.C. 205 and 221 This 
nebula is of special interest to astrone 
mers, since the investigations of Stebbins 
and of Hubble make us believe it to be 
of about the same size and detailed 
structure as our own galaxy Fig. 38 
shows on the left star clouds in NSagit 
tarius which belong to our own galaxy, 


th the 100-ineh 


and on the right taken w 


atory 


Mount Wilson Obese 


NEBULA, MESSIER 32 
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telescope what we believe to be similar 
star clouds in the Andromeda Nebula. 
Fig. 39 gives a portion of the Andromeda 
Nebula with objects which Hubble iden- 
tifies as a star cloud, an open cluster of 
stars, a globular cluster, and a Cepheid 
variable star. These Cepheid variables 
are specially important for checking esti- 
mates of distance with the help of Shap- 
ley’s calibration. It has also been pos- 
sible to identify irregular variable stars, 
P Cygni stars, helium stars of classes 
O and B,, and novae in a number of the 
nearer extragalactic nebulae. 

In addition to the use of direct pho- 
tography, it is also important to employ 
the spectroscope in studying the internal 
structure and behavior of nebulae. Fig. 
41 gives a photograph of the spectrum 
produced by light from the central 
nucleus of the Andromeda Nebula, 
placed between comparison spectra to 
assist in identifying the structure. It 
has a recognizable structure, which 
shows that the material which emitted 
the light was similar to that in the sur- 
face of our own sun, in spite of the fact 
that we have not yet been able to resolve 
the nucleus into separate stars. The 
spectroscope has also made it possible to 
study the action of gravity inside of 
nebulae, since differences in velocity of 
approach or recession—due to rotation 
of nebular material around the center- 
will produce different shifts in the posi- 
tions of spectral lines. As a rough sum- 
mary of our present knowledge of inter- 
nal structure and behavior, we can say 
that all evidence now points to the same 
kinds of material, and to the same laws 
of physics and chemistry inside the 
nebulae as in our own galaxy. 


EXTERNAL DISTRIBUTION AND MOTIONS 
or NEBULAE 

Last, and most important of all for 

cosmology, we must consider the exter- 

nal distribution and motions of all the 


STATUS OF 


COSMOLOGY 23 


nebulae as far out as observations can 
be made. Thereby, we can hope to ap- 
proach some adequate view of the larg- 
est possible sample of the whole universe 
that our present telescopes will reach. 
As already seen from the map given 
in Fig. 23, the distribution of nebulae 
in different directions appears roughly 
uniform. 
taken way out to the twentieth magni 


The counts for that map were 


tude and in such a manner as to avoid 
thick clusters of nebulae which occur in 
some places. The uniformity appears 
much less when counts are taken to lesser 
distances and in such a way as to in- 
clude clusters. Thus, as emphasized by 
Shapley, out to the thirteenth magnitude 
there are twice as many nebulae in the 
northern as in the southern hemisphere. 
This, however, can be regarded as largely 
due to the populous Virgo cluster in 
our own neighborhood in the northern 
hemisphere. Hence, since only a smal] 
fraction of all the nebulae occur in large 
clusters, we can regard the rough uni- 
formity in different directions as well 
established. 

By making counts out to different 
magnitudes, it is also possible to obtain 
an idea as to the distribution of nebulae 
not only in different directions but to 
diffe rent distances as well. Here too we 
find a rough uniformity, with the nebulae 
scattered on the average about a million 
light years apart. And this uniformity 
continues—at least in first approxima 
tion—way out to the four hundred mil- 
lion (400,000,000 
100-inch telescope has been able to pene 
trate. I like to think that this awe-in- 
break 


light vears that the 


spiring sameness may perhaps 
down, when we have finished our con- 
struction of the 200-inch telescope at the 
California Institute of Technology. 
Finally, we must consider the motions 


Here 


of this great system of nebulae. 


we can again call upon the spectroscope 
to help us, 
Doppler effect 


since—by the so-called 


light from an approach- 
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ing nebula would have its spectrum 
shifted towards the violet and light from 


This 


the 


a receding nebula towards the red. 
the shift 


locomot ive 


is similar to in pitch of 


sound from a whistle—to 


wards the treble when the locomotive is 


approaching and towards the bass when 
receding 

Our 
motions was given by the pioneer work 


of Slipher of 


first information as to nebular 
the Lowell Observatory, 
who showed that nearly all the nearby 


nebulae were apparently receding from 
us This was followed in 1929 by a pre 


liminary study of Hubble, which showed 





FIG. 29. 
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recession 


that the apparent velocity of 


was greater the more distant the nebula. 


the red-shift increasing approximately 


as the distance: and this was followed 
in succeeding years by the exte ided ob- 
servations of Hubble and Humason, 


which have now shown a close propor 


between velocity ot recession 


tionality 
and distance out to more than one hun 
100,000,000 ) lieht vears 

10). is 
a very instructive one prepared by Hub 


method 


dred million 
The illustration on page 39, Fig 


ble and Humason to make the 


clear by which the velocity-distance rela 
The method of de 


tion was obtained 


Vount Wilson Observatory. 


LENTICULAR NEBULA, N.G.C, 3115. 
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THE PRESENT 
termining distances is illustrated at the 
right and the of determining 
velocities of recession at the left. 


method 


To get a good determination of dis- 
tance, it is best to take a cluster of closely 
associated nebulae, all of which will be 
approximately at the same distance from 
us. and then measure the average mag- 
nitude of the nebulae in the cluster. 
These cluster nebulae are mostly ellip- 
tical, instead of being spirals like the 
average isolated nebulae, and at the 
right-hand side of the present slide you 
will see the decreasing photographic 
images of such nebulae as we go to more 
and more distant clusters. 

Having in this determined the 
distances to different clusters, we may 
then determine the 
sion by measuring the red-shift in the 
spectra of these cluster nebulae. This 
s shown at the left of the present slide, 
vhere you will see the spectra that cor- 
respond to the direct photographs of 

ebulae shown at the right. Each nebu- 
ar spectrum is placed between two com- 
arison spectra with an arrow pointing 
o the H and K absorption lines for 

ilcium. This makes it easy to measure 
ie increasing shift towards the red 


way 


velocities of reces- 


at is towards the right in the present 
hotograph—in the position of these ab- 
rption lines. 
the conelusion 


In this way we are led 
that the nebulae are 
eceding with a velocity which increases 
proportionally to their distance, up to 
the enormous speed of 14,300 miles a see- 
ond for the most distant nebula given in 
the figure. 

It is important to realize that this re- 
cession between the nebulae is a mutual 
affair. If we see a nebula receding from 
us, an observer on that nebula would see 
our galaxy receding from him. 
more we must guard against the anthro- 
pocentric fallacy of thinking of our- 
selves as too important. There is no 
unique center for the recession, since an 
observer on any nebula would find—just 


Once 
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as we do—that all the other nebulae were 
receding from him, faster and faster the 
further the like the 


motion of spots painted on an endless 


distance. It is 


strip of elastic rubber, each portion of 
stretched at the 
spot on the 


which is being same 


rate. Taking elastic 


strip as the standpoint of reference, the 


any 


spots on both sides will be receding there 
from, faster and faster the greater their 
distance. 

We are thus led to our temporarily 
final large-scale picture of the material 
universe around us. In accordance with 
our best present views, it may be called 
an expanding universe since the princi- 
pal objects in it are all in mutual reces 
sion. It is a universe of enormous size, 
since the part already observed stretches 
out to the four light 
years where objects can still be photo- 


hundred million 


graphed with long exposure on the 100- 
filled 
with a roughly uniform distribution of 


inch telescope. It is a universe 
nebulae, one for each cube of space a 
And 
out of the hundred million such nebulae, 


million light years along an edge 


which lie within the range of our largest 


telescope, our galaxy with its thirty 
thousand million stars is only one single 


sample. 


THEORETICAL TREATMENT OF COSMOLOGY 


To conclude my description of the 
present status of cosmology, I must be 
allowed to say a few words about the 
theoretical methods that are to be used 
in treating the phenomena of nebular 
distribution and motion, since this is the 
field where my own connection with cos 
Without doubt in my 
that 


employed in the study of cosmology at 


mology has been. 


own mind, the methods must be 
the present time are those provided by 
the principles of gravitational behavior 
which have resulted from Einstein’s gen 
eral theory of relativity. This has for 
me a very special interest because of my 
personal friendship with Einstein, and 
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FIG. 33. SPIRAL NEBULA ON EDGE, N.G.C. 4565 
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Vount Wilson Observatory. 
FIG. 34. SMALL PORTION OF CLUSTER OF NEBULAE IN CORONA BOREALIS. 
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Mount Wilson Observatory. 


FIG. 35. NEBULAE IN THE CONSTELLATION LEO 
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FIG. 36. SPIRAL NEBULA, N.G.C, 4273 


with Americans such as Kennedy and 
Robertson, who have made important ex- 
perimental or theoretical contributions 
to relativity. 

Although the relativistic theory of 
gravitation undoubtedly provides the 
theoretical methods that must be em- 
ployed at the present time in studying 
the distribution and motions of the 
nebulae, it would not be wise to assert 
that these methods will necessarily prove 
sufficient for the solution of the prob- 
lems of cosmology. The theory of rela- 
tivity, together with the quantum me- 
chanics, are the two greatest advances 
in physical science since the time of 
Newton. Nevertheless, just as Newton’s 
theory of gravitation is now included as 
a first approximation in Einstein’s the- 
ory, so we must believe that the theory 
of relativity will sometime be itself 
included in a wider point of view. 

So far, however, attempts to treat the 
problems of nebular behavior except by 
the relativistic theory of gravitation 
have not added much to our comprehen- 
sion. On the one hand, Professor Milne, 
of Oxford, has strongly advocated the 
treatment of nebular recession as a 
kinematic problem by methods which do 
not introduce the dynamical features of 
the relativistic theory of gravitation. 


Mount Wilson Observatory. 


, SHOWING SUPER NOVA AT RIGHT. 


Nevertheless, as might perhaps be ex- 
pected, and as has been shown in detail 
by the penetrating analysis of Robert- 
son,” this merely leads to a treatment 
which agrees with that of relativity ex 
cept for the greater flexibility but de- 
ereased predictive power that result from 
the omission of dynamics. On the other 
hand, my colleague, Professor Zwicky, 
has been one of those who have urged 
the explanation of the nebular red-shift 
as due to some effect of distance or time 
of passage which does not involve reces 
sional motion, and I think we must be 
very open-minded as to such possibili 
ties. Nevertheless, no satisfactory de 
tailed mechanism, other than recession 
has yet been presented to explain the 
red-shift, and—as Dr. Hubble and I have 
put it—we both incline to the opinion 
**that if the red-shift is not due to reces 
sional motion, its explanation will proba 
bly involve some quite new physical prin 
eiples.’’ 

As to the measure of success which ha 
been achieved by applying the methods 
of relativity to the distribution and 
motions of the nebulae, I can not give : 
detailed statement, since this would b: 


2 Robertson, Astrophys. Jowr., 82: 284, 1935 
3’ Hubble and Tolman, Astrophys. Jour., 82: 


¢ ‘ 9K 
302, 1935. 





hehe lat Me 


Ae 


ABOM 


4 
| 





THE PRESENT STATUS OF COSMOLOGY 


Vount Wilson Obse atory 


THE GREAT SPIRAL NEBULA IN ANDROMEDA 





36 


THE 


SCIENTIFIC MONTHLY 





Mount Wilson Observatory 





STAR CLOUDS IN SAGITTARIUS 


LEFT 
TAKEN 


AT 


SYSTEM, 


oo. 


FIG, 


THI 


STAR CLOUDS IN 


RIGHT 


AT 


100-INCH 


A SMALI 


WITH 


OWN 


ro OUR 


BELONGING 


CAMERA; 


REFLECTOR. 


THE 


TAKEN WITH 


ANDROMEDA NEBULA, 





too 
way 
appl 
matl 
whic 
prin 
agre 
»bse 
versi 
esp 
hic 
nsa 
a 

iy a 


‘rtp? 











Bee pee: 








THE PRESENT 





In a general 


too long and too technical. 
way it can be said that the methods are 


applied by constructing conceptual 
mathematical models of the universe, 


which agree on the one hand with the 
principles of relativistic mechanics, and 
agree on the other hand with as many 
observational facts in the actual uni- 
verse as possible. The extent of the cor- 
respondence between theory and reality 
which has thus achieved is not 
insatisfactory. 

I will only mention three features of 


been 


these conceptual models, one very satis- 
actory feature, one puzzling feature and 
ne attractive but rather dangerous fea- 
ire. 

The particular satisfactory feature 
vhich I have in mind is the finding that 

e relativistic theory of gravitation 
uld not permit any stable stationary 
stribution of nebulae. A uniform dis- 
bution of nebulae must in 


ther be expanding or contracting, and 


any case 


ce by the principle of minimum hy- 
thesis it seems wise to try to explain 
nebular red-shift as due to expansion. 
The puzzling feature of the models 
sults from the finding of Dr. Hubble 
| myself*® that the numbers of nebulae 
tually observed at great distances 
ild not be accounted for on the basis 
a homogeneous expanding model, 
thout introducing an unexpectedly 
rge amount of gravitational curvature. 
iis curvature appears to be greater in 
mount than that which would be pro- 
iced by the masses of the nebulae them- 
lves. Nevertheless, since our compu- 
were first made, the work of 
Sinclair Smith* has led to a considerable 
nerease in the best estimates of nebular 
masses, and in addition there is always 
he possibility of inter-nebular material 
which will contribute to gravitational 
curvature. 
The attractive but dangerous feature 


ations 


4Smith, Astrophys. Jour., 83: 23, 1936. 
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of our conceptual models lies in the pos- 
sibility of their use for extrapolating 
from our actual observations of the uni- 
verse to greater distances and to earlier 
and later There are great 
dangers, however, in carrying such ex- 


times. 


trapolations over more than a modest 
interval. 

These dangers may be illustrated by 
the story of the German scientists in the 
city of Berlin who planned a scientific 
expedition to the North Pole. As a pre 
liminary it was decided to send out a 
survey party to investigate the possibili 
ties of obtaining supplies on the route 
north. After a short time, this party 
returned with the report that they had 
proceeded north from the city of Berlin 
and had decided that there would be no 
difficulty in obtaining the essential sup- 
plies, since—making due allowance for 
statistical fluctuations—it could be con 
cluded by a process of extrapolation that 
for each quarter of a kilometer on the 
route north there would be found at least 
one inn with attached beer garden 

In the case of cosmology, the diffieul- 
ties of drawing conclusions by extrapola 
tion, as to the properties of the universe 
at distances beyond our present obser- 
vations and as to thet past and future 
history of the universe, are greatly in 
creased by the wide variety of quite dif- 
ferent mathematically satisfactory mod 
els which can still agree with the limited 
data now available. Thus we can have 
closed models of finite volume and open 
infinite 
which expand 
never to return and those which undergo 
a continued 
and contractions ; 


ones of volume: we can have 


models to zero density 
succession of expansions 
and we can have homo- 
geneous models which are alike in all 
their parts and models 
which would show quite different proper- 
ties at sufficient Trying to 
take an open-minded and optimistic view, 
I have myself a predilection for models of 
infinite volume which are not completely 


heterogeneous 


distances. 
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VELOCITY DISTANCE 


61d 


125 miles per second 


bil 
pitt Wo oe 


1,400 miles per second 


14,300 miles per second 135,000, 000 tight, years 


Mount Wilson Observatory. 
FIG. 40. METHOD OF DETERMINING VELOCITY-DISTANCE RELATION FOR 
EXTRA-GALACTIC NEBULAE, 
SPECTRA AND DIRECT PHOTOGRAPHS WERE PREPARED BY HUBBLE AND HUMASON AT THI 
WILSON OBSERVATORY. IN ORDER OF INCREASING DISTANCE THE NEBULAE ARE FIRST A NEARBY ONE, 
N.G.C. 221, FOLLOWED BY MEMBERS OF THE VIRGO, Pisces, URSA MAJOR AND GEMINI CLUSTERS. 
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closed, for models which would not ex- 
pand into nothingness never to return, 
and for models which could show quite 
different properties at sufficient dis- 
tances. But other scientists have other 
predilections, and the facts for the actual 


thinking. In the first place, the problems of 
cosmology are necessarily extensive and intri- 
cate and must be attacked in the light of very 
meager information. Hence we must be careful 
not to substitute the comfortable certainties of 
some simple mathematical model in place of the 
great complexities of the actual universe. In 
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FIG. 41. SPECTRUM OF CENTRAL 


universe are not yet available. Our two 
hundred inch telescope should help us to 
get some of them. 

On account of these difficulties and 
dangers, I should like to conclude this 
description of the present status of cos- 
mology, by emphasizing—in words that 
I have used once before® 
the special necessity in the field of cosmology of 
avoiding the evils of autistic or wish-fulfilling 

5 ** Relativity, Thermodynamics and Cosmol- 


ogy,’’ Oxford, 1934. 


Mount Wilson Observatory. 


NUCLEUS OF ANDROMEDA NEBULA. 


the second place, it is evident that the past his 
tory of the universe and the future fate of man 
are involved in the issue of our studies. Hence 
we must be specially careful to keep our judg 
ments uninfected by the demands of theology 
and unswerved by human hopes and fears. 

It is appropriate to approach the problems of 
cosmology with feelings of respect for their 
importance, of awe for their vastness, and of 
exultation for the temerity of the human mind 
in attempting to solve them. They must be 
treated, however, by the detailed, critical and 


dispassionate methods of the scientist. 
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LOUIS JOBLOT AND THE PROTOZOA 


By Dr. LORANDE LOSS WOODRUFF 


PROFESSOR OF PROTOZOOLOGY, 


Towarb the end of the seventeenth cen- 
tury, while Leeuwenhoek was affording 
the first glimpses of the ‘‘world of the 
infinitely little’ 
the Royal Society of London, Louis Job- 
lot of 
culminated in 1718 in the publication of 
the first separate treatise on microscopic 
rganisms. Moreover, since most of the 
animals which Joblot and 
named are Protozoa, he is the author of 
the pioneer volume in the field of proto- 


> in a series of letters to 


Paris began observations which 


deseribed 


oology. 

Studies of the available data in regard 
» the life of Joblot, other than may be 
afford but a 
We know 
hat he was born at Bar-le-Due (Meuse) 
n 1645, the fourth child of Nicholas and 
\nn Joblot. At the age of thirty-five he 
ecame assistant professor of mathemat- 
‘Ss, geometry and the 
toyal Academy of Painting and Seulp- 


rleaned from his book, 


neager picture of the man. 


perspective at 


ire in Paris, and nineteen years later 
iweceeded to the professorship. He re- 
ired as emeritus professor in 1721, and 
lied in April, 1723, just four months be- 
re Leeuwenhoek. 

In addition to his professorial duties, 
with 
igh success, Joblot’s interest ranged in 


vhich he apparently conducted 
he fields of magnetism, optics and the 
‘onstruction of microscopes; the latter 
probably affording the stimulus, or at 
least the opportunity, to make his long- 
‘ontinued observations in microbiology 
that alone entitle him to be remembered 
to-day. 

Joblot’s book on microscopes and what 
he saw with them is a remarkable and 
curious production. Not only is it the 
first separate treatise devoted to ‘‘ani- 
maleules’’ in general and the Protozoa in 
particular, but since nearly all the obser- 
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vations recorded are original, it had no 
real successor in the field. Indeed, when 
the microscope and its revelations at- 
tracted 
during the middle of the century, Job- 
lot’s book was reissued to compete with 


considerable popular interest 


various works, largely compilations, such 
**The Made 
Easy’’ (1742) and ‘‘Employments for 
the Microscope’’ (1753 Adams’ 
**Micrographia Llustrata’”’ , each 
of which 

Unfortunately, 
Joblot’s 
from notes left by him, including mate 


as Baker’s Microscope 
and 
1746 
through several 
the 
saw fit to 


ran editions 


new publishers of 


treatise insert data 


rial taken bodily from other authors, 


apparently in an attempt to widen its 


scope—and sale. However, nothing was 
added to the deseriptions of the Protozoa 


The 1754—55 


enhanced reputation 


edition 
Joblot *s 
the rarity of the limited original edition, 


new hardly 


because 


published at 
rendered it 
servations were frequently judged with 


the expense of the author, 
little known, and so his ob 
out reference to the progress of micros 
copy that had taken place since 1718 
In fact, find 
that Dujardin, in his great work on the 


over a century later we 
Infusoria, cites Joblot’s observations as 
following shortly after those of John 
Hill, published in 1752.2. We shall con 
sider only the original edition of 1718, 
which is now exceedingly rare ; one of the 
few copies known to have survived being 
in the library of the writer. Fig. 1-3 
Joblot’s book essentially comprises two 
treatises bound together. The first 
”) 


sists of 78 pages and 22 plates devoted to 


con 


the improved microscopes that he em- 


ployed, while the second comprises 96 
pages and 12 plates assigned to his new 


1 Woodruff, ScrIENTIFIC MONTHLY, Vol. 7, 1918. 
2 Woodruff, American Naturalist, Vol. 60, 1926. 
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observations made with the instruments. 
It is perhaps significant of the author’s 
real interest that both of the ‘‘parts’’ of 
his book are entitled ‘* Nouvelles Obser- 
and merely the general title 
Cer- 


vations,’ 
page emphasizes ‘‘ Microscopes.’”’ 
tainly, the present-day importance of the 
book lies in what Joblot observed and not 
in the various simple and compound 
microscopes that he devised and 
structed with the aid of a professional 
instrument maker of Paris. (Fig. 4.) 
Surveying the thirty-five chapters de- 
voted to observations, one is impressed 
iot so much with the range—which is 
wide—as by the point of view from 
vhich some of the observations are made. 
may well be that when Joblot began 
is work in 1680 he was merely trying to 
erify the reports that must have reached 


con- 


m of Leeuwenhoek’s discoveries, 
ough, strange to say, the latter’s name 
not mentioned once in regard to obser- 
itions on the Infusoria. At all events, 
/blot’s curiosity was not easily satisfied, 
r during nearly forty years as oppor- 
nity offered he continued his avoca- 
nm. No wonder he described many 
inimaleules’’ new to How- 
er, the chief interest of his work is not 
e organisms which he discovered in the 
mg series of infusions that he studied, 
it his endeavor to give them appropri- 
e names and to discover their origin. 
Joblot’s informal effort to supply 
ames for the animals that he found is 
f some significance, because it is the first 
eneral attempt in the field of microbio- 
vical nomenclature. He sought some 

eal or fanciful resemblance between his 
tiny ‘‘insects’’ and ‘‘fishes’’ and various 
bjects and well-known animals. Thus 
he deseribed the ‘‘swan,’’ the ‘‘kidney,”’ 

‘the silver bagpipe,’’ ‘‘the glutton,”’ 

‘“‘the bird crown,’’ ‘‘the weaver’s shut- 

tle,’’ ete. Sometimes he applied the same 

name to different organisms. Indeed, 

Adams’s comment that the ‘‘resem- 

blanees, I apprehend, in some cases arose 


science, 
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from the lively imagination and hasty 
determination of Mr. Joblot,’’ is only too 
true ; 
after Joblot’s time, 


but it was made a half century 
when Adams was in 
corporating verbatim much of Joblot’s 
text as well as many of his figures in a 
later edition of the ‘*‘ Micrographia Illus 
trata.”’ 
tractile vacuole must atone for the com 
with 


Joblot’s discovery of the econ 


plex eyes, ete., which he endowed 
some species. 

Most of the appellations supplied by 
Joblot 


forgotten, but 


‘ 


long since been 
still the 
animaleule. And 
it is interesting to note that the accom 


have, of course, 
Paramecium is 
‘slipper’’ (chausson 
panying illustration is probably the first 
satisfactorily identifiable figure of Para 
mecium published, 
Dujardin remarked with some justice, 
Joblot might well 
slipper as his model instead of the ani 
mals that he found in an infusion of oak 
bark which he studied at various times 
throughout a year. (Fig. 5, A-B-C t 
may be recalled that Hill in 1752 coined 
the name 
mals figured in part by an anonymous 
eontributor to the Philosophical Trans 
actions in 1703. 


ever although, as 


have used his own 


Paramecium for certain ani- 


The organisms that Joblot discovered 
in his infusions of pinks, roses, mari 
golds, tree bark, tea, mushrooms, and so 
on, would naturally lead him to consider 
their origin. It that on 
occasion, in particular, he was amazed to 
note the teeming population of a hay in 
fusion which had been standing for only 


appears one 


a few days. So he proceeded to invest] 
gate and it is his experiments in this field 
that deserve especial emphasis. 

Joblot took some new hay, divided it 
between two vessels and added cold water 
to each. Then he sealed one vessel with 
a piece of vellum and left the other open 
to the air. Within two days he diseov- 
ered several kinds of animals in 
equal numbers in each infusion, and ac- 
cordingly he concluded that the animals 


about 
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, 


in the infusions arose from ‘‘eggs’’ pres- 
ent on the hay before the experiment was 
started. 

So far Joblot’s results were not new, 
but then he attempted to determine if 
‘‘eggs’’ were present in the air. He took 
some of the same kind of hay, boiled it 
in water for more than a quarter of an 
hour and then put equal parts of the in- 
fusion into two similar vessels. One ves- 
sel he sealed while the contents were still 
warm and the other he left open to the air. 
Then he studied these infusions day by 


day and found many organisms in the 
open vessel but none at all in the sealed 
one. Obviously, boiling had killed any 
‘‘eges’’ that were present on the hay, 
but it had not made the infusion unfit to 
support life. Thereupon Joblot pro- 
eeeded to remove the cover from the 
sealed vessel and allow air access to its 
contents; and then he found that ani- 
mals appeared in it as they had in the 
previously unsealed vessel. Accord- 
ingly, he was led to conelude that the 
animals present in both vessels had been 
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lerived from ‘‘eggs’’ floating in the air, series as adequate to prove that neither 
since boiling had destroyed any that ‘‘alteration, nor corruption, nor a fou 
might have been present on the hay. odor is the cause of the generation of 

It is unfortunate that Joblot failed to these animals.’’ The air, he said, te 
give more details of these and other ex- with microscopic organisms, some of 
periments that he began in October, which settle on appropriate plants and 
1711, but it appears evident that they live and multiply, while others drop their 
were neatly and effectively executed and eggs directly in the air. In either event 
that he was justified in regarding the the source of the life in infusions is the 
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atmosphere. Spontaneous generation is 
not only inconceivable, but contrary to 
reason and religion. 

Ostensibly Joblot formulated his views 
solely on the basis of his own interesting 
experiments, and well he might, but, as 
has been emphasized by Dobell, it seems 
hardly possible that he was ignorant of 
similar ideas advanced earlier by Leeu- 
wenhoek, Harris and others.* But even 
after due allowance is made for any un- 


3C, Dobell, Parasitology, Vol. 15, 1923. 
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acknowledged indebtedness to other stu- 
dents, there still remains more than 
sufficient original work to warrant re- 
garding him as an important pioneer in 
the long series of students of spontaneous 
generation. 

Joblot apparently was the first to 
demonstrate not only that organisms do 
not appear in an infusion that has been 
boiled and sealed from atmospheric con- 
tamination, but also that such boiled in- 
fusions, though devoid of life, again 
readily support life when it is admitted 
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m the air. These conclusions in them- 
ives are of great importance, and espe 
ially so when it appears that he was the 

first to employ heat as a method of elimi- 

nating life in such investigations—a 
method exploited by Needham, Spallan- 


zani and others nearly half a century 


later. Certainly his contributions de 
serve more recognition than has usually 


been accorded them in surveys of the doe 
trine of biogenesis and the history of 


protozoology. 








BRAIN WAVES 


By Dr. R. W. GERARD 


PROFESSOR OF PHYSIOLOGY, UNIVERSITY OF CHICAGO 


Let the reader picture himself sitting 
comfortably before the fireplace listen- 
ing to one of Beethoven’s immortal 
symphonies coming over the radio. At 
the intermission you might turn down 
the dial and sit bemused, thinking about 
the music, rather than simply sensing it. 
Should you happen to wonder about 
its beauty, your thoughts would have 
strayed into questions of the philosophy 
of music, or, if you happen to speculate 
on Beethoven’s genius, mirrored in the 
composition, you might be said to be 
considering its psychology. If, however, 
your interest turns to the problem of how 
the musie was produced and how it came 
to you, you are essentially considering its 
physiology. 

Suppose you had no evidence as to how 
the music was produced—if you had 
never seen or heard of an orchestra—it 
would be extremely difficult to deduce, 
only from the loud-speaker outpourings, 
anything of its essential character: the 
instruments, the players, the leader. 
Yet, in a very real sense, that is the 
problem which faces investigators in an 
attempt to unravel the physiology of the 
brain, for they have had to be satisfied 
with study by television and teleaudi- 
tion. True, not so much by wireless as 
by ordinary wired telegraphy, for the 
sense organs on and below the surface of 
the body that receive stimuli and send 
them on to the nervous system are con- 
nected to it by means of long threadlike 
extensions of nerve cells which carry 
messages along them, and similarly the 
cells in the central nervous system send 
their long processes out to muscle fibers 
and so control their activity. But aside 
from that slight difference, we have had 
to study the functions of the brain by 
finding out what happens elsewhere in 
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the animal. For example, sense organs 
have been stimulated and the conse- 
quent movements observed; the work of 
the brain could then be inferred. 

The classical methods used in studying 
the nature of brain activity have been 
far from fruitless—quite the contrary. 
The method of introspection, for exam- 
ple, and its modern variations, as Gestalt 
psychology, and the more objective intro- 
spection by proxy of psycho-analysis, on 
the one hand, and behaviorist and condi- 
tioned reflex studies on the other, have 
contributed very valuable information. 
But, for most of this work, it would be 
quite immaterial in obtaining and inter- 
preting the results, whether the cranial 
cavity were filled with a sponge or with 
a brain, since this separate organ rarely 
entered into the picture. Whether or 
not the brain had been known, the same 
experiments could have been made and 
the same observations would have re- 
sulted. 

Some physiologists have attacked this 
problem differently and, in the last dee- 
ade, made extraordinarily good use of 
one important property of the message 
which travels along nerve fibers. When 
a nerve fiber is stimulated, either directly 
or through a sense organ attached to it, 
there is set up in this fiber some kind of 
an impulse or message which travels 
along quite rapidly and produces an 
effect at the other end. Almost a cen- 
tury ago the exciting discovery was made 
that an electrical change is associated 
with this message as it travels along. 
This so-called action potential could be 
used as an index or measure of the pas- 
sage of nerve impulses in nerves—mas- 
sive bundles of nerve fibers containing, 
often, several thousand of them side by 
side. Each fiber acts like a tiny battery 
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producing several thousandths of a volt, 
and when all or many are active together 
the potentials were quite readily measur- 
able by the instruments available. These 
have been much refined during the last 
ten years and from two sides the experi- 
ments have been pushed definitely closer 
to the central nervous system itself. 

On the sensory side, for example, it has 
been possible to study the impulses com- 
ing from a single sense organ along a 
single fiber and to examine the way in 
which they are modified by changes in 
the stimulus to that sense organ. The 
classical work of Adrian showed, for 
example, that if the strength of the 
stimulus is increased the individual mes- 
sage is not modified, but rather an in- 
ereasing number of them are sent, each 
following more closely its predecessor. 
Instead of half a dozen impulses within 
a second with a weak touch, a strong one 
may discharge many hundred in a couple 
of seconds. This was an important ad- 


vance, and gives a better basis for relat- 
ing conscious sensation to the neural 


happenings in the brain. On the motor 
side, likewise, Sherrington analyzed 
muscle contractions produced by various 
reflex stimuli and showed that a small 
one differs from a larger one in two re- 
spects. In a strong contraction, the 
nerve cell in the spinal cord, like the 
strongly stimulated sense cell, sends a 
greater number of impulses and at a 
faster rate along its fiber to the muscle, 
and in addition more nerve cells join in 
the discharge, so that more muscle cells 
contract and each does so more vigor- 
ously. Such studies really bring us into 
the central nervous system, since the cells 
whose fibers extend down the motor 
nerves to muscles and whose messages 
make them contract are part of this 
organ. Still, the brain itself remained 
essentially that large unknown territory 
into which sensory messages debouched 
and from which motor impulses emerged. 

One would have expected to be able 


to follow these electrical changes on 
through the paths in the central nervous 
system, and to a very slight extent in- 
deed, this was successfully done. The 
difficulty has been that, when small num- 
bers of fibers carrying these electrical 
changes are imbedded in large numbers 
of inactive fibers or cells, or, when the 
potentials are appearing in individual 
fibers at different times or in scattered 
directions, the tiny batteries are so short 
circuited or so oppose one another that 
the final voltage was too small to study 
with the instruments available. 

Still other methods have been applied 
successfully in unraveling neural fune- 
tion. It is not merely a scientific dogma 
that conscious activity is intimately re- 
lated to the brain, although some physi- 
cists seem to doubt this. It has been 
shown that when light is thrown into the 
eyes a particular portion of the brain 
increases its chemical activity, receives 
more blood and becomes warmer. When 
the brain is depressed by anesthetics, 
consciousness is diminished in parallel 
fashion ; when its activity is increased by 
stimulant drugs, consciousness is en- 
hanced ; and other drugs having unique 
actions on the brain invoke also unique 
conscious experiences—as the visual hal- 
lucinations of mescal or hashish. Further 
evidence comes from human disease and 
experimental destructions in animals. 
Injuries to particular regions of the 
nervous system lead to particular losses 
of sensation, of motor power, of con- 
cepts, or learning abilitg or of memory. 
If a nerve from recept8r organs is cut, 
sensation is abolished. When motor 
nerves are cut, paralysis ensues. When 
parts of the cerebrum are missing, the 
effects range from paralysis through 
over-emotionalism to complete idiocy. 
Small injuries will produce characteris- 
tic defects of one or another kind, de- 
pending on the part of the nervous 
system involved. Clearly, not only is 
consciousness related to the brain, but in 
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some detail certain anatomical regions 
are concerned with particular psychic 
processes. 

Yet I return to the earlier statement 
that primarily we have studied the brain 
and its work by distant observation. The 
most direct evidence of its action was 
introspection ; a subject says, ‘‘I do—or 
do not—feel this stimulus.’’ Otherwise 
the experimenter depended on the con- 
traction of a muscle or secretion of a 
gland to discover the processes that have 
occurred in the central nervous system. 

This situation has altered with accel- 
eration during the last decade or so, as 
a direct result of the improvement of our 
tools, mainly the development of the am- 
plifier. Rapid oscillographs have also 
been important, but, if small electric 
changes can be amplified as desired, 
often several million times, a quick in- 
strument to record them is not a great 
problem. Actually, delicacy and accu- 
racy of measurement have increased so 
that potentials of a millionth of a volt 
are now studied, as were previously those 
of a thousandth; and many anticipate 
such revolutionary advances in physiol- 
ogy from the application of electrical 
magnification as occurred in anatomy 
with increased optical magnification. 

It is now possible to follow potentials 
of one or two up to several hundred mil- 
lionths of a volt within the central 
nervous system, and results have, to a 
certain extent, confirmed expectations. 
For example, it is possible, by directing 
the electrode, with which these potentials 
are being obtained, into known anatomi- 
eal parts of the brain, to tell when and 
under what conditions of stimulation 
these regions are thrown into activity. 
With it in pathways supposed to belong 
to the optic or the tactile system, the 
anatomy can be simply and rapidly 
checked physiologically by flashing light 
in the eye or touching a paw; for poten- 
tials do appear in the expected locations 
in the brain. Extensive work along thése 





lines is being carried out, some of which 
may be rapidly summarized. 

In the cat’s brain, it has proved possi- 
ble to trace optic impulses throughout 
all the anatomically accepted structures, 
through the optic nerves and tracts into 
the midbrain, thalamus, appropriate 
parts of the radiations and on to the 
cerebral cortex. It has even been possi- 
ble to settle by electrical study some dis- 
agreement, between several kinds of 
anatomical evidence, as to the location 
of some optic regions. Similar stories 
could be told about many senses. When 
a watch or metronome is allowed to tick 
near a cat’s ear, potentials led from any 
part of the auditory pathways or from 
the auditory cortex will reproduce the 
sound in a loud speaker; even songs can 
be recognized. Pressure and muscle 
sense have been followed through the 
brain stem and cerebrum, in their proper 
regions. It is rather surprising that, in 
an animal rather deeply under an anes- 
thetic, one may stimulate a single hair on 
the foot and obtain an electrical record 
of the passage of nerve impulses all the 
way into the brain. The anesthetic does 
not work by depressing the entering 
pathways so that impulses can not travel 
along them. 

But another phenomenon came to light 
as soon as electrical studies of the brain 
became practical, one which, despite 
earlier evidence suggesting it, was not 
entertained seriously by physiologists; 
and the new findings are leading, in my 
opinion, to a major revolution in our 
ideas of the physiology of the nervous 
system. It is observed that, even when 
no stimulation is applied, when the optic 
or auditory path or that from any other 
receptor is not deliberately excited, there 
is, nevertheless, a continuous electrical 
activity exhibited in all parts of the 
brain. 

Important conceptual changes con- 
eerning the functioning of the nervous 
system are, in summary form, as follows: 
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First: The central nervous system was 
formerly looked upon as a quiescent 
organ, awaiting excitation, quite capable 
of responding to incoming nerve im- 
pulses, but essentially at rest. Similarly, 
a nerve was supposed to offer an inert 
track, into one end of which an impulse 
entered and from the other end of which 
it emerged after being pushed or poured 
or squeezed along by something behind 
it. Evidence now on hand has estab- 
lished the fact that the nerve itself gen- 
erates or actively propagates the impulse, 
as a fuse passes on a spark. The nerve 
is active, not passive. In the same way 
the central nervous system must now be 
looked upon as composed of active units 
continually in play and which are modi- 
fied rather than set in motion by par- 
ticular types of stimuli. 

Second: It has been rather the orthodox 
view that nerve cells were affected only 
by nerve impulses that reached them or 
their appropriate processes through the 
processes of other nerve cells; that only 
neural connections determine neural ac- 
Newer evidence forces us to in- 


tivity. 
elude still other factors at work within 
the central nervous system, not as alter- 
nates but in addition to these neural fac- 


tors. There is some sort of distance 
action between nerve cells. 

Third: The picture that followed from 
the previous views was of a static ana- 
tomical pattern of activity. What par- 
ticular reflex behavior resulted on this 
or that stimulus was determined primar- 
ily by which nerve cells were connected 
with which and what paths were anatomi- 
cally open to the impulse flowing along. 
The picture was a spatial one. This is 
not superseded, but now enhanced by a 
more dynamic concept. There may be 
physiological patterns, depending on 
functional state and relative condition of 
masses of neurones, which determine 
activity. What is the evidence for these 
heresies ? 

We are familiar with the spontaneous 


automaticity of the isolated heart or gut 
and the regular act of respiration. In 
the case of the gut, the automatic beat 
depends upon the presence of nerve cells, 
for if the two muscle layers are separated 
the nerve net goes now with one now with 
the other and only the layer possessing 
it continues to contract. In the heart, 
also, the nodal tissue is the pacemaker 
and, whether this be regarded as true or 
modified nerve cells, essentially the beat 
does originate in some sort of neurone, 
though the heart muscle may also mani- 
fest automaticity. Finally, the respira- 
tory centers in the medulla and brain 
stem impulses the 
phrenic and intercostal nerves at regular 
intervals. It has been argued that cer- 
tain afferent stimuli set them off at the 
appropriate time though however, many 
afferent stimuli were eliminated 
discharges persisted, as if the cells were 
automatic. Yet, 
failed to make the apparently obvious 
generalization that nerve cells as a class 
might possess the property of automa- 
ticity. It probable that 
neurones, under conditions reasonably 
normal, are able to beat spontaneously, 
just as in the case of the heart. 

Some old experiments on the spinal 
cord are of interest. 
measured by their electrical changes, are 
more or less continually, but irregularly, 
active. It is hard to make much out of 
it. On anesthetizing the sensory part of 
the cord these discharges do not stop, as 
they should if they depended primarily 
upon reflex connections, but the motor 
cells continue a very regular discharge 
at about forty impulses per second. The 
discharges in phrenic nerves, interest- 
ingly enough, are timed alike in the two, 
coming from cells on opposite sides of the 
brain. 

If an electrode is placed in the optic 
pathways in the brain, one is likely to 
note a perfectly regular electrical dis- 
charge, or a potential rhythm, giving 


discharge down 


these 


most physiologists 


seems most 


Motor nerves, as 
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clear waves on the oscillograph and 
sounding as a ‘‘pulse’’ from the loud 
speaker. This rhythm in the cat is two 
to four a second, in the rabbit three to 
five, and what is presumably the same 
rhythm in man’s brain is at ten a second. 
In fact, in the human this rhythm com- 
pletely dominates the whole brain, be- 
cause man’s optic system is relatively far 
more important than that of more primi- 
tive animals; so that it is possible, by 
placing electrodes on the front and back 
of the head without opening the scalp, 
to see or hear this continuous chugging 
away of the brain, at ten beats a second. 
These rhythmic discharges are, in most 
eases, not enhanced by optic stimulation, 
but on the contrary, are decomposed or 
abolished. With light shining in the eye 
the rhythmic potentials disappear, to re- 
turn again in the dark. Different 
regions of the cerebral cortex of animal 
brains have potential patterns more or 
less uniquely characteristic of each. 
The cerebellum gives, similarly, charac- 
teristic, though more rapid and otherwise 
different, waves. 

When the cerebrum is allowed to re- 
main relatively undisturbed, when by 
one means or another afferent impulses 
to the cortex are minimized or abolished, 
then these rhythmic potentials are not 
decreased but regularly increased. Dur- 
ing sleep, for example, they tend to be- 
come much larger, slower and rather 
more regular. A person kept awake for 
some fifty hours, who can fall well asleep 
and be awakened at minute intervals, 
shows such changes quite sharply. 
Under the action of certain types of 
anesthetic, which are claimed to act by 
blocking afferent connections, these po- 
tentials likewise become larger and more 
regular ; and when the brain is protected 
from afferent impulses by severing most 
of its connections with the remainder of 
the nervous system, again these large 
potentials dominate the picture. ; 

From another source also there is evi- 


dence that nerve cells can spontaneously 
discharge. Observations on salamander 
embryos show that spontaneous move- 
ments may occur before any reflex ones 
can be elicited. And in goat embryos, 
before reflex connections exist, there 
appear regular fluctuations in the heart 
rate due to discharges from the medulla 
down the vagus nerve. 

Another observation, previously unex- 
plained, becomes clear if neurones can 
manifest spontaneous activity. In a ‘‘de- 
cerebrate’’ cat, when the spinal cord is 
cut below the region from which the 
nerves to the arms come, certain muscle 
groups become more contracted and the 
arms consequently rigid. Impulses as- 
cending from nerve cells lower down in 
the spinal cord are acting upon those in 
the arm region. Yet when all the lower 
nerve roots are cut, so that there are no 
nerve impulses reaching these lower cells 
they still discharge, for cutting the lower 
cord away still brings on rigidity in the 
arms. 

The final and conclusive evidence that 
nerve cells can spontaneously and auto- 
matically initiate an electrical beat comes 
from observations made on _ isolated 
masses of neurones. Adrian removed the 
brain of a goldfish and found regular 
potential waves occurring in it at one a 
second, the rate at which the animal 
breathed, so at least breathing discharges 
originate in the isolated brain. Other 
experiments have shown regular dis- 
charges from isolated ganglia, for ex- 
ample, in the caterpillar and the squid, 
and very recently it has proved possible 
to remove the brain of a frog to moist 
cotton and obtain from the olfactory por- 
tion a very marked regular potential 
wave at five a second. Since no poten- 
tials can be seen in the olfactory nerves 
coming into this end of the brain nor in 
the main mass of the cerebrum behind it, 
there seems to be no chance of the 
rhythm being due to impulses from cut 
nerves or elsewhere; it must arise in 
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the neurones im situ. The individual 
neurone must possess the potentiality of 
beating automatically. 

Several questions arise at once. Are 
these rhythmic changes in potential asso- 
ciated with the discharge of nerve im- 
pulses and are they slow because the 
rapid potentials accompanying nerve im- 
pulses are grouped so as to pile up into a 
slow one; or are they truly slow changes 
in the charge on the nerve cells, possibly 
not associated with a discharge of im- 
pulses? What are the factors that con- 
trol the beat of the nerve cell; are they 
similar to those that control the beat of 
the heart or quite different; are they 
neural, chemical or physical? Finally, 
is there one set of factors acting on all 
nerve cells alike with only quantitative 
differences, or may there be many quali- 
tative species of nerve cells with different 
types of control? These and related 
physiological questions, too involved for 
inclusion here, are well discussed in vol- 
ume 4 of the Cold Spring Harbor sym- 
posia. 

The second major question or thesis 
propounded is: how do the many indi- 
vidual nerve cells interact together? It 
is certain that in a great many cases large 
numbers of neurones in a relatively small 
mass of brain tissue are beating together, 
are discharging their electrical potentials 
in unison. If that were not true, even 
with our best modern electrical methods, 
we should rarely be successful in obtain- 
ing anything beyond extremely irregular 
and small potentials and a most discon- 
certing picture of what is going on. It is 
only when a great many individual units 
are acting together so that their smal! 
voltages sum in magnitude, while not 
being scattered in time so as to cancel one 
another, that we can obtain these large 
potential waves. What leads to the syn- 
chronization or the asynchrony of related 
nerve cells? Unquestionably neural 
mechanisms contribute. 

In the passage of nerve impulses be- 


tween various cells, or into the general 
felt work of interlacing nerve fibers, the 
so-called neuropil, there are ample pos- 
sibilities of coordination and there is evi- 
dence that they are realized. For ex- 
ample, the part of the frog brain showing 
the best rhythm is also the part with the 
richest neuropil ; and cutting connections 
between cell masses will sometimes 
change the rhythm in each. Such trans- 
mitted nerve messages, however, are not 
the whole story and it becomes ever more 
doubtful that they constitute the most 
important control. There is, in addition, 
some distance effect—some action of one 
cell on another quite aside from the 
actual passage of impulses between the 
two units. Some of the evidence for this 
has already been hinted at and more fol- 


lows. 

Under conditions, as in sleep, narcosis 
or isolation, when the activity of cells 
should be least coordinated if they are 
discharged by an inflow of impulses, one 
finds the largest, slowest and most regu- 
lar potentials—as if the cell units had 


become more completely synchronized. 
In the case of the optic rhythm in man, 
there is evidence that it centers in some 
one region, which, however, is not fixed 
anatomically but may wander about the 
cortex with varying degrees of latitude. 
As long as a spacial shift in the brain 
may occur, no particular nerve cells or 
connections can be indispensable, and it 
becomes a matter of suspicion whether 
local connections of any kind are essen- 
tial. Again, under the action of strych- 
nine or other convulsant drugs, the 
potentials become very large and wide- 
spread and may move across the cortex 
in a slow wave, far more leisurely than if 
conducted by any kind of nerve fiber 
with which we are familiar. Further, 
they may gradually grow or fade or make 
a sudden jump at the junction of two 
structural regions, but not following 
known or well-defined pathways through 
the cell masses. Also potentials in one 
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region of the brain may be profoundly 
modified by a small injury to a far- 
removed portion of the cortex, which has 
no particular anatomical connection with 
the first. 

These, however, are all rather minor 
inferential bits of evidence individually 
explainable along standard lines. There 
is more direct evidence available when 
we turn again to the potential changes 
observed in various sensory pathways. 
There are two regions in the brain where 
auditory and optical pathways are very 
closely related. It is possible, therefore, 
with an electrode in one position, to 
record responses to sound, the ticking of 
a watch, and at the same time to light. 
The observation has been made that while 
the eye is illuminated and the optical 
system active there is a definite increase 
in the sound response in the auditory 
system. This is not due merely to nerve 
impulses leaking over from the optic 
pathways into the auditory ones, because 
the activity in the auditory path retains 
its original wave shape and other charac- 
teristics, only its intensity is greater. 
Here is an interaction which does not 
depend upon the actual interchange of 
nerve impulses. 

Further evidence comes from the 
spinal cord. It has been found that cer- 
tain nerve fibers which carry sensory 
impulses into the cord do not end there 
by making connections with other nerve 
cells but continue through its mass and 
again emerge. Nerve messages coming 
from a sense organ may, therefore, run 
into the cord, through it and out again 
without having encountered any syn- 
apses. The evidence that only typical 
conduction in a nerve fiber is involved 
is rather satisfactory. Nevertheless, al- 
though impulses may enter the cord in 
this fiber with the utmost regularity, 
when they come out again in the same 
fiber and at the proper time, groups of 


them have completely dropped out: 


Somehow or other a through nerve fiber 


can be blocked in the cord. This is diffi- 
cult to reconcile with the ordinary con- 
cepts of neural control at synapses, and 
the like. 

A last line of evidence comes from the 
eye, whose retina is really a bit of cen- 
tral nervous system. When the many 
thousand receptors in it are uniformly 
illuminated, all the neurones discharge 
in perfect unison; but if only a few are 
stimulated differently, not only the nerve 


cells connected to them get out of step,, 


but the entire formation is destroyed and 
all the cells discharge chaotically. This, 
I believe, can not in any reasonable way 
be squared with the orthodox mechanism 
—of nerve impulses traveling particular 
paths to make particular connections. 
Some additional mechanism is needed. 
Nor is there lacking much other evi- 
dence of synchronization of units by 
some sort of non-neural distance action, 
even though its exact nature remains 
obscure. The spirited discussion in 
Science regarding the synchronous flash- 
ing of fireflies is relevant. Large num- 
bers of grouped individuals come to flash 
simultaneously, not as a progressive wave 
of ‘‘ follow the leader’’ activity. A pleas- 
ant and profitable post-prandial half 
hour can be spent on a pier observing 
similar phenomena in a school of min- 
nows. Here several hundred fish may 
turn, to the fish, sharply right or left or 
right and left away from some invisible 
central plane, to form two columns. If 
some leaders set the mode, the others fol- 
low too quickly for my eye, though this 
possibility should be studied with high 
speed motion pictures. Over at least one 
hundred miles in any direction, all night- 
blooming cactus plants in the Arizona 
desert burst into flower together on some 
one night of the whole year, though no 
man has been able to differentiate that 
night from others preceding or following. 
When large numbers of spermatozoa 
cluster about a single egg their tails often 
come to lash in unison; possibly some 
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general potential change is the ‘‘ distance- 
actor’’ here. The same suggestion has 
been made to account for the ability of 
eut nerve fibers, lying parallel to each 
other in a cut nerve and with no neural 
connections, to get together and dis- 
charge simultaneously. In the brain, 
also, it has been shown that a small con- 
stant potential applied across it may 
bring cells into unison and greatly in- 
erease the rhythmic beats. Finally, one 
may easily observe another example of 
the synchronization of units. When an 
audience starts applause each individual 
claps in his own way and a chaotic med- 
ley results but note that after a few sec- 
onds, without any deliberate attempt on 
any one’s part, most people are clapping 
together in perfect time so that a large, 
slow, regular wave of sound is rhythmi- 
eally produced. Just so are brain waves 
built of the added beats of many syn- 
chronizing cells. 

One more concept, long accepted, is 
needed before the final picture emerges. 
The idea of dominance and subordina- 
tion in groups of individuals, in organ- 
isms as a whole, and in various organs is 
a familiar one; the chairman controls a 
meeting, a plant grows as the tip of the 
stem turns, the ‘‘pacemaker’’ near its 
base sets off the beat of the heart. So in 
the central nervous system the head end 
is dominant and tends to hold in check 
lower portions. If the upper brain is cut 
from the spinal cord, some spinal re- 
flexes become much increased as if re- 
leased from some distance control, in 
this case certainly neural though pos- 
sibly of a special character (‘‘chronaxie 
de subordination’’). The whole control 
of body posture, depending on nerve 
discharges from spinal cord neurones to 
muscles, is modified from the spinal cord, 
the midbrain and still more forward 
brain regions, for following injury to 
them the legs may become entirely limp 
or stiffly rigid. The thalamus, below the 
cerebrum, has to do with affective be- 


havior, and when the cerebrum is re- 
moved or its connections to the thalamus 
destroyed there results a greatly exag- 
gerated expression of emotional reac- 
tions. An especially clear case of re- 
lease from dominance the 
autonomic nervous system going to the 
heart. Two nerve cells and fibers in 
tandem carry the messages from the 
spinal cord which speed up the heart. 
Some messages are continually passing, 
for if the connections are cut the heart 
slows. Further, these all start from the 
first cells in the cord, since whether the 
nerve between the first cells and the sec- 
ond or that between the second ones and 
the heart is cut the effect is the same. 
But if the second cells are left on their 
own for some days, by cutting their con- 
nection with the first group, then they 
begin to send impulses themselves; for 
the heart returns to its original speed 
while connected with them, though sepa- 
rated from the rest of the nervous sys- 
tem, and promptly slows when this final 
The nerve cells, then, 
impulses 


is seen in 


connection is cut. 
can spontaneously discharge 
but normally do not do so because they 
are dominated by a more active region. 

If we accept the existence of a spon- 
taneous beat mecha- 
nisms, neural and by distance-action, for 
coordinating local masses of cells; and 
of a still more distant interaction be- 
tween separate cell masses involving 
dominance and subordination; then the 
old picture of a nervous system with a 
set structural pattern waiting peacefully 
for nerve impulses to travel through it, 
like a switch yard set for freight trains, 
must be improved. Patterns are in time 
as well as space, dynamic not static, and 
results depend on the physiological state 
of nerve cells in addition to their ana- 
tomical connections. Even at ‘‘rest’’ 
there is an active equilibrium—some 
cells discharging, some beating electri- 
eally, others held quiet; by the play upon 
them of nerve impulses, field potentials, 
blood chemicals and other still unknown 


in nerve cells: of 
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means of integrations The whole ner- 
vous system fluctuates about some phys- 
iological balance (reflected in the 
psychic state as well) and an incoming 
nerve impulse disturbs this balance in a 
particular manner. This sets up a new 
pattern which may relapse to the origi- 
nal or, usually, to some new equilibrium 
state. To borrow a simile—the nervous 
system was previously considered as an 
electric sign with light bulbs wired per- 
manently so as to flash particular words 
for each switch closed. There are now 
in use more modern signs, and concepts, 
which permit patterns to move in time 
and transcend the spatial structure; and 
so words move across the sign as individ- 
ual bulbs flash on and off, while the 
whole pattern remains intact. Such a 
dynamic concept of the activity of the 
nervous system gives us also a possibility 
of explaining other phenomena, now well 
established, but inexplicable along more 
orthodox lines. Some few of these are: 
the unitary stream of consciousness; the 
dependence of learning ability on no 
particular part or connection of a rat’s 
brain, but rather on the total mass left 
intact; the persistence of strong poten- 
tial waves in the cerebellum long after 
a brief stimulation; the finding that 
neurones in the spinal cord discharge 
impulses down their nerve fibers to the 
attached muscle at times characteristic 
for that particular muscle, so that if the 
nerve is made to connect with a different 


muscle the nerve cell discharges at a dif- 
ferent time. 

Returning again to the orchestra, 
about to resume after a rather long inter- 
mission, the mechanism which produced 
the music over the radio could hardly 
have been deduced from the music itself ; 
but knowing what an orchestra is, it is 
not difficult to understand how the music 
results. It is not entirely fortuitous that 
there are rather striking similarities 
between the action of an orchestra and 
that of the brain. In each are many 
individual units, players or neurones, 
able to produce a spontaneous rhythm. 
The units are gathered into groups, not 
all alike qualitatively, and those within 
one group (say the first violins) are 
synchronized by some form of distance 
action. Dominance occurs within groups 
and, still more, a leader controls and 
integrates the activity of the entire en- 
semble. Even the influence of past 
events on current activity can be seen in 
both—in written music or mnemonic 
traces. The violinists and bassoes, each 
scraping away with his kind, modulating 
their rhythms to the line of the notes and 
the baton of the leader, spin out a mag- 
nificent pattern of harmony that we call 
a Beethoven symphony. Similarly, the 
myriad nerve cells of the brain, as they 
beat their single rhythms and form and 
reform their groups and hierarchies, 
play that greatest harmony of all nature 
—the totality of animal behavior. 
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COLOR, FROM SUBSTANCE TO SENSATION 


By Dr. FRANK ALLEN 
PROFESSOR OF PHYSICS, UNIVERSTY OF MANITOBA 


THE history of theories of color vision 
is strikingly analogous to the develop- 
ment of ideas regarding the composition 
of matter. Both subjects sprang from 
the same period of ancient Greek history 
and from some of the same philosophers. 
Throughout the succeeding twenty-five 
centuries the same spirit of inquiry, first 
by speculation and latterly by experi- 
ment, has endeavored in each case to dis- 
cover the elements from which the im- 
mensely diversified materials and colors 
of the world are constituted. 

The elements of matter were anciently 
assumed to be first one, then another, and 
finally all four of the entities, water, fire, 
earth and air; though at least one phi- 
losopher held the extreme and useless 
view that there were as many elements as 
there were substances. Under the power- 
ful influence of Aristotle the substances 
themselves for a time passed out of con- 
sideration, leaving only the abstract 
qualities, moist, heat, cold and dry, to 
represent them. As such they appear 
even in occasional modern poetry. To 
these attributes of elements Aristotle 
added a fifth, the ‘‘quinta essentia’’— 
the quintessence, as it subsequently be- 
came termed, the subtle nature of which 
is most nearly approached by the modern 
conception of the ether. 

The elements, first correctly defined by 
Boyle as substances out of which nothing 
else could be obtained, have in modern 
science rapidly expanded in number un- 
til at present ninety-two are recognized 
which were united by Moseley into a sin- 
gle series by the unbroken continuity of 
atomic numbers. Further analysis has 
resolved each element into two basic sub- 
stances, or electricities, electrons and 
protons, to which the most recent science 
has added neutrons and positrons, the 
elements consisting of such configura- 


tions of these fundamental entities as 
possess the requisite dynamical stability. 
Under the influence of the prevailing 
theories of wave-mechanics opinion has 
now swung to the opposite extreme. 
Substantiality is denied a second time to 
the new sub-elements of matter, and a 
type of permanent undulatory motion of 
the ether or of space, a wave-packet, 
which is difficult or impossible to imag- 
ine, something that can only be repre- 
sented by a mathematical equation, is 
exalted in its place. 

In the parallel problem of color vision, 
the search for the chromatic elements has 
developed along three sharply differen- 
tiated lines. First, the elementary colors 
were supposed to be three substances, 
which were inherently red, yellow and 
blue; second, the elements were assumed 
to be three different objectively colored 
lights, likewise red, yellow and blue; 
third, the elements of color were regarded 
as three primitive qualities of sensation, 
red, green and violet. In the case of the 
elements of matter theory has progressed 
from substance to motion, while in vision 
it has proceeded from substance to sensa- 
tion which, if not an entity sut generis, 
may also be a type of motion. 

The earliest of the three ideas grew 
naturally out of the fact that no method 
of compounding colors except by mixing 
pigments was at first known. According 
to Pliny, the oldest Greek painters used 
four pigments, white, black, red and yel- 
low, and he supposed that a bluish tint 
was produced by mixing black and white. 
Later painters, he adds, used more pig- 
ments than the ancients, but with less 
favorable results. Leonardo da Vinci 
employed six pigments, the four just 
mentioned together with green and blue, 
though he could scarcely have failed to 
observe that green was produced by mix- 
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ing yellow and blue pigments which ren- 
dered a separate green material superflu- 
ous. The mixing of pigments thus easily 
led to the hypothesis that the elementary 
color substances were three in number 
and were red, blue and yellow in hue. 

It may be noted that pigments derive 
their value from their property of selec- 
tively reflecting certain colors of the 
white illuminating light and of absorb- 
ing the remainder. With mixtures of 
differently colored pigments new combi- 
nations of reflections and absorptions 
occur which cause the differences in hue. 
Such colors, therefore, are due to the 
subtraction and not to the addition of 
light. A mixture of yellow and blue pig- 
ments, by the subtraction or absorption 
of colors, reflects green predominantly, 
whereas a mixture of yellow and blue 
lights by addition will appear almost 
white. 

As some of the most conspicuous colors 
in nature, such as those of the rainbow, 
could not be attributed to the presence 
of pigments, a vague and incomprehen- 
sible idea was imagined to account for 
them which held that ‘‘colors were bodies 
of which only the names were known.’’ 

Recognizing that white sunlight and a 
dark cloud were necessary for the forma- 
tion of the rainbow, Aristotle suggested, 
as an offshoot from the prevailing view, 
that light and darkness might be the two 
elements from which by intermixture all 
eolors originated. As light is a form of 
energy and darkness is the condition of 
its absence, the doctrine of Aristotle is 
equivalent to the statement that some- 
thing mixed with nothing in various 
proportions produces varieties of some- 
thing else. 

One sentence from a lecture by Dr. 
Barrow, of Cambridge University, New- 
ton’s teacher and predecessor in the 
Lucasian professorship of mathematics, 
will serve to show that Aristotle’s hy- 
pothesis was still in existence after the 
lapse of two thousand years. ‘‘The blue 
color of the sea,’’ said Dr. Barrow, 
‘arises from the whiteness of the salt it 


contains, mixed with the blackness of the 
pure water in which the salt is dissolved ; 
and the blueness of the shadows of bod- 
ies, seen at the same time by candle and 
daylight, arises from the whiteness of the 
paper mixed with the faint light of black- 
ness of twilight.’’ 

The fantastic ideas of Aristotle re- 
ceived a final quixotic exposition in 
1810, when they were revived by the 
German poet Goethe in his work, ‘‘Zur 
Farbenlehre,’’ with the accompaniment 
of a vigorous outburst of abuse of the 
Newtonian doctrine of light and colors. 

The second idea, that the rays of light 
themselves were colored, was put forward 
in Germany by Mayer in 1758 over half 
a century after the publication of New- 
ton’s ‘‘Opticks.’’ According to this for- 
merly influential writer, the elements of 
color were not substances but were three 
varieties of objectively colored light of 
the same hues, red, blue and yellow, as 
specified in the older hypothesis. From 
this point of view each part of the spec- 
trum must necessarily consist of a mix- 
ture of the three elements of color, the 
variations in hue arising from the differ- 
ent proportions in which the elements 
were intermingled. By attributing to 
each of the primary colors the possession 
of every degree of refrangibility, their 
separation by the prism was assumed to 
be impossible. 

This hypothesis was strongly advo- 
eated in 1831 by Sir David Brewster, the 
founder of the British Association for 
the Advancement of Science, on the erro- 
neous basis of what he termed a new 
analysis of solar light, an experimental 
investigation for which he was awarded 
a notable prize by the Royal Society of 
Edinburgh. So great was the prestige 
of this distinguished philosopher that 
nearly the whole scientific world of his 
time was led astray, Airy, Melloni and 
Draper, chiefly dissenting. Subsequently 
Helmholtz showed that Brewster was 


” deceived by the impurity of his spectrum, 


that is, the spectrum everywhere was 
mixed with a small amount of diffused 
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white light. When this undispersed 
light was removed the misleading appear- 
ances vanished. The theory of Mayer 
and Brewster was an immense improve- 
ment upon the ancient idea of the mate- 
riality of color. It was also the logical 
transition from color substances to sensa- 
tions. Probably it is yet widely held, for 
it superficially conforms to the primary 
colors of the artist’s pigments, which are 
still red, yellow and blue. Furthermore, 
it is difficult to persuade people that the 
eolors of nature in reality have no ex- 
istence except as sensations in the visual 
centers of the brain. 

Probably the last scientific attempt to 
maintain the theory of colored rays was 
made in 1849 by Professor J. D. Forbes, 
Maxwell’s instructor in physies in Edin- 
burgh University. While supporting the 
hypothesis of elementary colored rays, 
this scientist admitted the value of New- 
ton’s prismatic analysis of white light, 
but he almost deprecated the discovery 
because it ‘‘complicated’’ color theory 
by the introduction of seven distinct 
spectral hues, whereas, he maintained, 
the received doctrine allowed and re- 
quired but three. 

The development of the theory of color 
vision along correct lines had its origin 
in Trinity College, Cambridge, when, in 
1666, Sir Isaac Newton performed his 
celebrated experiment on the decomposi- 
tion of white light into its component 
colors, a discovery that in the opinion of 
Young ‘‘would alone have immortalized 
his name.’’ Newton himself referred to 
his discovery of the spectrum as ‘‘ being 
in my judgment, the oddest, if not the 
most considerable detection which has 
hitherto been made in the operation of 
Nature.’’ The far-reaching theoretical 
applications of spectrum analysis to such 
subjects as astronomy, radiation and 
atomic structure, as well as the practical 
application to the design of optical in- 
struments, easily justify the opinion that 
the discovery of the spectrum, quite as 
much as Faraday’s discovery of electro- 
magnetic induction, may be placed next 


in importance to the law of gravitation 
as the second greatest advance in knowl- 
edge in the history of physics. 

In a single paragraph of unapproach- 
able lucidity in the early literature of 
vision, Newton strips the mystery from 
the two older theories and lays correctly 
the foundation of the origin of color. 


For the rays of light [said he] to speak prop 
erly are not coloured. In them is nothing else 
than a certain power and disposition to stir up 
a sensation of this or that colour... . 
in the object are nothing but a disposition to 
reflect this or that sort of rays more copiously 
than the rest; in the rays they are nothing but 
their dispositions to propagate this or that 
motion into the sensorium, and in the sensorium 
they are sensations of those motions under the 
form of colours. 


Colours 


Newton realized that only a few pri- 
mary sensations were required for the 
perception of many colors. But the clear 
statement of a competent theory of color 
vision came a century later when, in 
1801, Dr. Thomas Young, director of the 
Royal Institution, ‘‘the last of the men 
who knew everything,’’ endorsed the 
ideas of Newton by enunciating his cele- 
brated theory that three fundamental 
sensations, red, green and violet, were 
necessary and sufficient to account com- 
pletely for the vision of light and colors. 
While for many centuries a triplicity of 
primary colors had vainly been sought in 
the nature of pigments and in the char- 
acter of light, Young found its basis in 
the constitution of the brain and con- 
sciousness. Young’s statement of his 
theory is contained in two or three para- 
graphs of his papers; yet his scientific 
fame, doubtless much to his own great 
surprise if he were living, rests far more 
upon these few sentences than on the re- 
mainder of his voluminous writings on 
the astonishing variety of subjects of 
which he was master. 

For half a century the theory of Young 
lay disregarded, partly no doubt because 
it ran so strongly against received ideas, 
and partly. because the subject of color 
vision had not then the high scientific 
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interest and industrial importance which 
it now possesses. In confirmation of the 
former of these statements we learn that 
Professor Forbes pronounced it to be a 
singular opinion which appeared to rest 
on no particular evidence and had met 
with no support. Helmholtz, on the con- 
trary, clearly perceived the greatness of 
the achievement of Young. After de- 
scribing many of the intricate phenom- 
ena of color vision he said: 


The theory of colors, with all these marvellous 
and complicated relations, was a riddle which 
Goethe in vain attempted to solve; nor were we 
physicists and physiologists more successful. I 
include myself in the number; for I long toiled 
at the task without getting any nearer my object 
until I at last found that a wonderfully simple 
solution had been discovered at the beginning 
of the century and had been in print ever since 
for anyone to read who chose. This solution 
was found and published by the same Thomas 
Young who first showed the right method of 
arriving at the interpretation of the Egyptian 
hieroglyphies.1 


In the middle of the nineteenth cen- 
tury Helmholtz in Germany and Max- 
well in England simultaneously made 
Young’s theory the basis of their remark- 
able investigations which removed the 
subject of vision from the realms of 
vague speculation and raised it to the 
status of a branch of science. 

Maxwell, in 1855, began the publica- 
tion of a series of ten investigations and 
discussions on color vision which placed 
the theory of Young on a secure mathe- 
matical basis. Newton had previously 
devised a fairly accurate geometrical rule 
for representing and predicting the col- 
ors of compounds obtained by mixing 
spectral hues. For this purpose he di- 
vided the circumference of a circle into 
seven arcs, respectively proportional in 
length to the spaces occupied by the col- 
ors in the spectrum. The center of the 
circle represented pure white. At the 
eenter of gravity of each are, small cir- 
cles were described whose areas were pro- 
portional to the intensities of the colors 
to be mixed. By joining with a straight 

1 From the inscriptions on the Rosetta Stone. 


line any two of these small circles the 
position of their center of gravity was 
found. The radius drawn through this 
point from the center of the original cir- 
ele cut its circumference at the color 
which represented the hue of the mix- 
ture. 

For this cumbersome rule Mayer sub- 
stituted an equilateral triangle with the 
colors red, yellow and blue at the cor- 
ners. The improvement was adopted by 
Young, who, however, replaced yellow 
and blue with green and violet. Since 
this triangle must contain within its 
boundaries every conceivable color, what- 
ever the manner of its production, Max- 
well’s first problem was to find a method 
by which the position of every compound 
color could be calculated or, what is the 
same thing, the exact amount of each of 
the three elementary sensations that en- 
ter into its composition. A popular toy, 
the color top, had long been known in 
which a circular card painted in colors 
was whirled round its center. The per- 
sistence of vision, upon which the famil- 
iar illusion of moving pictures depends, 
fuses the separate colors into a compound 
hue. With great ingenuity Maxwell 
transformed the top into a scientific in- 
strument by painting each of three disks 
uniformly with a different primary color 
and fitting them together so as to vary 
continuously and measure the amount 
of each color exposed. By alternately 
whirling and adjusting the disks, the 
desired hue of the compound color was 
gradually attained. With measurements 
of much precision, the first of the kind 
that had ever been made, Maxwell placed 
the color triangle upon a firm mathemati- 
cal basis. A much profounder result 
than this was accomplished. For, as 
Helmholtz remarked, he thereby ‘‘intro- 
duced the relations of size and number 
into the apparently inaccessible region of 
colors, and reduced differences in the 
quality of colors to relations of quan- 
tity.’’ 

In another respect the investigations 
of Maxwell were of notable importance. 
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He was the first to derive the color sensa- 
tion curves which are the most funda- 
mental measurements in vision. These 
curves represent the exact amounts of 
stimulation of the three elementary color 
sensations which are required to produce 
every hue in the spectrum. 

In view of these investigations, for 
which, in 1860, the Rumford Medal of 
the Royal Society was awarded to him, it 
is not too much to claim that by his pro- 
found insight and great experimental 
skill Maxwell laid securely the mathe- 
matical foundations of color vision. To 
these achievements Helmholtz added his 
own extensive researches, and wove the 
whole theory of vision into a philosophi- 
eal treatise that is still the greatest work 
upon the subject. During the last sev- 
enty years, many scientists in the chief 
countries of the world, but especially in 
Great Britain, Germany and America, 
have immensely developed all aspects of 
visual research. Parallel with these in- 
vestigations, which are still rapidly ex- 
panding, have grown the great color 
industries of the world and the develop- 
ment of the marvelous methods of illu- 
mination, with the necessary invention of 
efficient sources of light and color. 

Probably a hundred other hypotheses 
of color vision, in which the elements of 
sensation have varied from two to nine, 
have been proposed during the last cen- 
tury. With the great majority the 
papers announcing their birth were also 
their obituary notices. Some three or 
four of them still enter into the contro- 
versies on vision; but none has shaken 
the basic principle of sensational trichro- 
masy founded by Young and established 
by Maxwell and Helmholtz, nor has any 
other contributed so impressively to the 
theoretical and practical developments of 
eolor perception and illumination which 
hold so large a place among the triumphs 
of modern science. 

The retinae of the eyes are in reality 
portions of the brain extruded to the sur- 


face of the body. Upon these exquisitely 
sensitive organs the optical systems of 
the eyes automatically focus with high 
precision the images of objects far and 
near within the hemispherical field of 
vision. The images which are of immedi- 
ate interest are made to fall clearly on 
the centers of the retinae, while others of 
less regard are distributed indistinctly 
over the periphery. The tiny central 
areas of distinct vision, which are the 
chief portals of knowledge, are smaller 
than the head of a pin, yet by the sen- 
sory power of the brain their images are 
clothed with delicate gradations of light 
and shade and the indescribable charm of 
color. Infinitely transcending the mag- 
nitude of its organs, vision invests all 
nature with illumination and floods con- 
sciousness with light and color. 

Vision is the meeting place of the 
sciences of physics, anatomy, physiology 
and psychology. Here also the mathe- 
matician finds ample seepe for his rigor- 
ous analytical skill. The philosopher 
must weigh the arguments on whether 
the perception of space is innate as a 
property of mind or is empirically de- 
rived from the sense of vision with some 
assistance from that touch. The artist 
plans his color schemes to impress the 
eye, while the sculptor and architect asso- 
ciate grace and dignity of line with sur- 
face and volume for the same organ of 
vision. The inventor devises new sources 
of light which the illumination engineer 
effectively employs to meet the exacting 
requirements of sight. The educational- 
ist, realizing that nearly 90 per cent. of 
knowledge comes through the eye, per- 
fects new optical aids to instruction. 
The craving for entertainment is increas- 
ingly satisfied with visual illusions by 
motion pictures. All science and indus- 
try, even civilization itself, rest upon 
light and vision. In their loftiest sense 
they are the symbols of intellectual and 
spiritual life. 





OCEANOGRAPHY: MARINE ZOOLOGY 


By Dr. C. McLEAN FRASER 
PROFESSOR OF ZOOLOGY, THE UNIVERSITY OF BRITISH COLUMBIA 


OcEANOGRAPHY is the science that co- 
ordinates the results of research done in 
all branches of science, as these pertain 
to the ocean, its contents and its bounda- 
ries. As such, it is of recent development. 
Isolated scraps of information concern- 
ing the ocean have been accumulating 
from the earliest days, but as long as men 
and women of science felt that it was 
necessary to work in water-tight com- 
partments, and as long as they felt that 
it was beneath their dignity to take any 
notice of work done in other fields, co- 
ordination of this information for the 
benefit of all was out of the question. 
The days of such exclusiveness are pretty 
well gone, so much so that it may be said 
that the most striking single feature in 
the progress of science in the present cen- 
tury is the spirit of cooperation and 
coordination. 

Oceanography, therefore, is largely a 
product of the present century; Pacific 
oceanography, largely that of the last 
two decades. There was no real coopera- 
tion in Pacific work before the First 
Pacific Science Congress in Honolulu in 
1920. The growth since that time has 
been very rapid, so much so that at the 
fifth Pacific Science Congress in Van- 
couver in 1933, Dr. Vaughan could speak 
with authority when he said that more 
had been accomplished in Pacific ocean- 
ography during the preceding four years, 
1929-33, than in all previous time. 

Since that time grants for ocean- 
ographie research have been severely re- 
duced in almost every country interested, 
so that expansion at the same rate has 
been out of the question, but by using the 
funds available to the best advantage, 
excellent progress has been made. . 

Since all the sciences contribute to 
oceanography, and since, when coordina- 
tion takes place, it is difficult to decide 
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as to the contributions of each, because, 
in many cases, two and two make much 
more than four, and there is really no 
necessity for or value in making such a 
decision, how may one speak concerning 
the position of any one contributing 
science ? 

In some respects marine biology may be 
considered to be the center of gravity of 
oceanography. Largely because man is a 
living organism, living organisms every- 
where have always been of enduring in- 
terest to mankind. The applied science 
of navigation has been of immense im- 
portance all down through the ages, but, 
except for the skilled few who are actual 
navigators, scarcely any one knows or 
eares anything about what it all means, 
even when he is reaping the benefits. 

On the other hand, what traveler is so 
blasé that he is not at times stirred to 
activity by the cry ‘‘A whale!’’ or who 
is there who has never been thrilled by the 
amazing stories, sometimes true in part, 
of the fiendish depredations of the man- 
eating shark, the terrorizing flying leaps 
of the giant manta, the irresistible em- 
brace of the gluttonous octopus or the 
subtle evasiveness of the undulating sea- 
serpent! 

For a great number who have never 
seen the sea, the ocean is of interest be- 
cause it is the reservoir for such vast sup- 
plies of food and other necessaries of life, 
the constancy of which depends so much 
on the proper balance between exploita- 
tion and conservation. 

For all those interested in organic 
evolution, the ocean is of interest because 
it was the home of the ancestors of not 
only the present marine inhabitants, but 
also all the inhabitants of the fresh water, 
the land and the air. 

Much of the research possible on 
marine organisms, in anatomy, embry- 
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ology, histology, etc., may not seem to 
have much bearing on general ocean- 
ography, but in life-history studies, little 
or no progress can be made without in- 
volving almost everything that is in- 
cluded in oceanography, since the most 
vital phase of such investigation is dis- 
tribution and the conditions on which 
distribution is based. This applies to 
both plants and animals, although, 
largely on account of the necessity for 
sunlight in photosynthesis, the distribu- 
tion question is somewhat more restricted 
in plants than in animals. 

Within certain limits, there may be a 
definite parallelism in the tolerance to 
variation in living conditions in plants 
and animals, e.g., along the coast of Brit- 
ish Columbia, the conditions of tempera- 
ture, salinity, etc., that suit the large vine 
kelp, Macrocystis, seem also to suit the 
small red abalone, Haliotis, equally well ; 
so also, Phyllospadiz and the barnacle, 
Mitella, appear to thrive well as neigh- 
bors. . 

In considering the distribution of ani- 
mals, they may be placed in either of 
two large groups or divisions: (1) those 
that are attached or sedentary for the 
greater period of their existence (almost 
all species of animals move freely during 
some period of their life) ; (2) those that 
move about freely much of their lives. 

In order to live, the stationary indi- 
viduals must be located in such a situation 
that food may be provided and that all 
conditions may remain within the limits 
of tolerance throughout the whole period 
of stationary existence. The degree of 
tolerance, however, is an individual char- 
acteristic, and hence information on the 
limits for one species may help little in 
the consideration of any other species, 
unless the possibility of association is 
known. In some instances the limits are 
evidently far apart. The hydroid, Ser- 
tularella tricuspidata, is distributed over 
much of the polar and temperate areas 
of the ocean, and from at or near low-tide 
to a depth of 1,800 fathoms. On the other 
hand, one of the phoronids, Phoronis 


vancouverensis, has been reported only 
from a restricted area in and near De- 
parture Bay, B.C., with a bathymetric 
range of but a few feet around the low 
spring tide line. (In passing it might 
not be amiss to remark that it is always 
unsafe and often very unfortunate to 
make the statement that any species does 
not inhabit a certain region, simply be- 
cause the author of the statement does 
not know of its occurrence there, espe- 
cially if he has not taken the trouble to 
look up the literature on the subject.) 
The ‘‘age and area’’ conception may ac- 
count to some extent for these differences 
in distribution, but it doesn’t tell the 
whole story. 

The motile species bring in other com- 
plications. If conditions in any one place 
become unsatisfactory, they can move to 
some more suitable location, and these 
movements require much observation and 
investigation. 

Migration may be quite definitely 
periodic, or it may seem to bear no rela- 
tion to any definite periods. The most 
common periodic migration is the migra- 
tion preceding reproduction, commonly 
known as spawning migration. Such a 
migration may be geographic or bathy- 
metric. If it is geographic it may be for 
but a short distance, e.g., from deep water 
to shallow or inshore, as is the case of the 
moonshell, Lunatia, and many more of 
the mollusks, or it may be for a great dis- 
tance, as that of the fur seal from the 
California coast to the Pribilof Islands in 
the Bering Sea. 

Bathymetric migration is illustrated 
by many of the annelids, as the Nereids 
and the Syllids, and of the smaller 
erustacea, Copepods and Euphausids, 
that remain at or near the bottom of the 
sea except when they come to the surface 
to spawn. This spawning migration is 
often associated with segregation. 

It may be that migration is made in 
order to follow the food supply, which 
may mean that the food supply migrates 
also, but in following this up there must 
be an ultimate food supply, the indi- 
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viduals of which do not depend on highly 
organized food, and some other explana- 
tion then becomes necessary for the 
migration. Such migration is not likely 
to show any definite periodicity and it 
does not necessarily induce segregation, 
although it may do so. 

Other irregular migrations on a large 
scale are still harder to explain. The 
siphonophoran, Velella, regularly inhab- 
its the Pacific between the coast of the 
mainland of the United States and the 
Hawaiian Islands and may commonly be 
seen in myriads in this area. In the 
summer of 1926, large numbers migrated 
northward along the coast of Vancouver 
Island and even off the coast of the Queen 
Charlottes, numbers such as never have 
been reported before or since. 

Even more puzzling is the sudden 
segregation of such numbers of a single 
species of Protozoan (different species 
appear on different occasions) that the 
water is clouded and colored in patches, 
small or large, with practically a pure 
culture of the species. They seem to ap- 
pear out of the blue, all in a few minutes, 
remain in evidence for a few hours at 
most and then disappear as suddenly as 
they appeared. 

Is any one working in biology alone, 
i.e., biology in a restricted sense, going to 
solve any of these distribution problems? 
No chance. He will need the cooperation 
of men working in all the other phases 
of oceanography, and even then there will 
be no end to the problems. 

In attacking these problems, possibly 
the cooperation of the chemist and the 
physicist is most essential or most funda- 
mental. Whether the most of the ele- 
ments that go to make up the animal 
body are obtained directly from the sea- 
water, or whether any of them are, it 
makes very little difference to the ques- 
tion here. They must be present in the 
sea in some form and they must be avail- 


able directly or indirectly for the use of | 


the marine animals. In most cases they 
are transmitted, in the ultimate analysis, 


by means of the plants, possibly most 
commonly through the diatoms and their 
unicellular allies, but the possibility that 
bacteria play an important réle must not 
be left out of consideration. Marine bac- 
teriology is only beginning to play its 
essential part as an oceanographical ad- 
junct, but promises to be a real feature 
at no very distant date. 

The presence or absence of not only the 
major elements, as carbon, oxygen, hy- 
drogen, nitrogen, phosphorus, sulphur, 
but also those of which only a trace is 
needed, as iron, copper, manganese and 
the compounds of these in such form as 
can be transmitted, must be determined 
by chemical analysis, checked up by bio- 
chemical methods, to learn what condi- 
tions are suitable for the life of each 
organism. Furthermore, the physiologi- 
eal processes of the organism may be de- 
pendent upon the degree of salinity, 
alkalinity, etc., of the medium in which 
the animal lives, and the interaction 
between the organism and the medium 
comes into consideration. 

Certain physical features are perhaps 
of just as much importance. Tempera- 
ture, light, density, pressure, come 
strongly into functional control. While 
with most species, if not all, there is an 
optimum for each of these, this optimum 
differs in different species. In some cases, 
it may be far from the maximum and the 
minimum that may be endured; in others, 
there may be a very narrow range. 

A single physical, chemical examina- 
tion at any location tells a very small part 
of what is required. It must be repeated 
at intervals throughout the day, through- 
out the year, and in many cases, year af- 
ter year, especially in such waters as 
Puget Sound and the Strait of Georgia, 
since conditions here may change so 
much during the year and may be differ- 
ent at the same time of the year in suc- 
ceeding years. To find the conditions 
necessary for migration, in particular, 
such a procedure is the only one that 
offers any promise. 
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There may be a critical period or criti- 
eal periods in the life-history of an ani- 
mal, when it is necessary to have the 
range of variation much restricted. The 
razor clam, Siliqua patula, can stand sea 
temperature nearly to zero, but it will not 
spawn until the temperature of the 
water reaches 13° C. The Pacific herring, 
Clupea pallasii, spawns readily in the 
shallow water in the open sea, when 
spawning time arrives, but the spawn- 
ing may be stopped if it is impounded, 
even if it is still at liberty to swim about 
freely. 

It is not enough to thus obtain so much 
significant data; the reasons for the 
changes in physical, chemical conditions 
should be discovered, hence, meteorology, 
hydrography and hydrodynamics must 
enter into the investigation. Air pres- 
sure and temperature, winds, storms, 
tides, currents, wave action, all take part 
in changing these conditions, and hence 
in determining distribution. 

Where currents pass to and fro through 
narrow channels, the continuous inter- 
change of water bearing food material 
makes the conditions along the shore and 
in the shallow water suitable for many 
attached forms and motile forms that use 
these for a food supply, forms that could 
not live in the quiet waters of sheltered 
bays or more particularly in deep fiords 
that have a shallow threshold. The heavy 
surf of the exposed coast may make it 
practically impossible for sessile forms to 
remain attached or to become fixed in the 
first place, although the water may con- 
tain more than the necessary supply of 
food. 

The nature of the contour of the 
coast, the effect of fiords, the depths of 
the sea, the change of the tides, the 
regularity or irregularity of the sea-bot- 
tom, the nature of the bottom, the amount 
of mixing of the deeper and the shallower 
or surface water, all have direct bearing 
on distribution. 

By considering the details of a good 
hydrographic chart, it is possible to con- 
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clude quite definitely what areas promise 
well in which to dredge for any particular 
species or association of species. Fur- 
thermore, when the dredge is being hauled 
along the sea bottom, by putting the hand 
on the cable, it is possible to judge if the 
desired area has been located. 

Closely associated with these, 
cially with hydrography, geological evi- 
dence is of much importance. The na- 
ture of the rock formation along the shore 
and in the sea bottom has much to do with 
the distribution of attached forms in 
particular. Sandstone and 
since they wear with wave action, are 
more likely to have the irregularities 
necessary for the attachment and protec- 
tion of these forms. Shale may break 
away enough or split off to give the neces- 
sary shelter, but traprock or granite is too 
unyielding to serve satisfactorily. 

Shingly when exposed to 
swift currents at high tides, may harbor 
great numbers of organisms, if the rocks 
are not too bare, too isolated or too much 
embedded. Beaches of sand that is not 
too fine, or too free from clay particles, 
may make a suitable home for many of 
the mollusks and annelids. 

The nature of the shore has so much 
to do with the biological distribution that 
one somewhat familiar with the region 


espe- 


limestone, 


beaches, 


may pass along some distance off and, 


with field glasses, decide quite exactly 
the type of animal associations he is 
likely to find on each portion of the 
shore. 

Geological history of the earth 
give distributional evidence on a much 
larger scale, since the change of elevation 
of the surface in certain areas may erect 
barriers to distribution, or, in other cases, 
make free distribution possible. 

A recent opportunity to collect hy- 
droids from the Galapagos Islands and 
the mainland coast of the Pacific from 
Guayaquil to San Diego, an area not pre- 
viously explored for that purpose, made 
it possible to see the marked affinity be- 
tween the hydroids of this region and 


may 
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those of the West Indian area. This 
might be difficult to understand if the 
geologists had not determined that at 
one time there was no barrier to hydroid 
distribution between the two regions. 
This indicates, as well, that the species 
common to the two regions are quite old 
species. It is not surprising, then, to 
find that about 40 per cent. of the species 
obtained are new species. 

Of recent years, statistics, as. applied to 
oceanography, have come much into the 
public eye, through the use that has been 
made of them in determining the balance 
between exploitation and conservation of 
species commercially valuable, in order 
to be able to regulate the exploitation so 
that the value of the species may be re- 
tained. It is only by the analysis of rea- 
sonably complete and accurate statistics 
of the catch from year to year that any 
satisfactory regulation can be applied. 
By reason of this, the distribution of the 
species during the different stages of its 
existence is determined. 

Such distribution studies can be ap- 
plied just as well to other species, not 
now commercially valuable. In this part 
of the world, where, commonly, there is 
a decided difference in rate of growth in 
the winter season and in the spring and 
summer, it is often possible to determine 
the age and rate of growth by examining 
some of the skeletal features that show 
the winter check, as, for instance, the 
seales and otoliths of fishes and the shells 
of mollusks. In the animals of the tropi- 
eal seas, where there is eternal summer, 
there are no such checks, and statistical 
examination of large numbers of the 
species is, at present, the only satisfactory 
method of obtaining the necessary infor- 
mation. 

It must not be inferred from all this 
that the marine biologist is a mere mendi- 
cant, holding out his hand for assistance 
from all the other scientists. He is able 
and willing to give much in return. The_ 
benefit is reciprocal. The information 


he obtains cencerning life-history and 
distribution of various species can be 
made use of by indicating the conditions, 
chemical, physical, ete., where these 
species appear. This is more noticeably 
true when the species is large or abun- 
dant but may be of importance in any 
case. 

The study of the growth and distribu- 
tion of corals and nullipores to form 
islands, reefs and atolls has received great 
attention in that regard. By their nar- 
row range of tolerance to changing con- 
ditions and by their extensive multiplica- 
tion within this range, their presence or 
absence in any location tells quite a story 
in itself. They must have the water at 
tropical temperatures. A stream of fresh 
water emptying into the sea may inter- 
rupt their extension, ¢.g., it may make a 
passage of open water through a barrier 
reef. Various theories as to subsidence 
and the relation of land masses have been 
based on their presence and their growth. 
Some of us would be interested in an 
explanation as to why there is one atoll 
(Clipperton Island), and one only, in the 
eastern tropical Pacific. 

In this part of the world, the bull kelp, 
Nereocystis, is so definitely associated 
with rocks, reefs and rocky shoals that 
during the summer months it is of great 
aid to navigation of small craft in shal- 
lower waters. 

The distribution of brachiopods is used 
extensively in determining relationships 
of land masses, small and large. 

It is not necessary to go farther. The 
ocean is full of examples. 

Since, therefore, bacteriology, chemis- 
try, biochemistry, physics, meteorology, 
hydrography, hydrodynamics, geology 
and statistics, with other sciences that 
might be included, must come to the aid 
of biology in solving marine problems, 
and biology must come to the aid of each 
of these as well, it is surely ‘‘all for each 
and each for all.’’ And that is ocean- 


ography. 
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IN PRAISE OF PARASITISM 


By Professor E. M. FREEMAN 
DEAN OF THE COLLEGE OF AGRICULTURE, FORESTRY AND HOME ECONOMICS, UNIVERSITY OF MINNESOTA 


At the outset I wish to emphasize as 
strongly as I can that in this discussion 
I am not interested primarily in para- 
sites but in parasitism. One may praise 
parasitism without eulogizing the para- 
site. Parasites, however, have often been 
eulogized, e.g., that fleas are good for a 
dog. The proclaimer of this profound 
and time-honored observation was osten- 
sibly interested in canine welfare, 1.¢., 
as man in his infinite wisdom under- 
stands it. No one has yet told us what 
the dog thinks about it. Said proclaimer 
might also, with equal justification, have 
added that dogs are good for fleas, but, 
although this is undeniably true for at 
least some dog-inhabiting fleas, he is not 
in the least perturbed over the well- 
being of fleas, generically or specifically. 
Nor does he say that fleas are good for 
men, even though in modern folklore 
they are said to accelerate the vocational 
activity of one-armed paper-hangers. 
Such fleas are too close to home to admit 
of unchallenged approbation. I am not 
attempting to defend or justify the 
ethical behavior of a parasite. I am 
simply emphasizing the fact that I am 
not interested in human ethics when 
applied to fleas or parasites in general. 
This may be said, nevertheless, in pass- 
ing, in defense of every parasite: How- 
ever its moral status may be judged in 
such terms of human ethics, it has 
achieved something, at least, in the way 
of economy of effort in making a living, 
and it has demonstrated a high degree 
of exactness in its adaptation to an un- 
usual complexity of biological environ- 
ment. Perhaps it was merely an un- 
conscious racial or nationalistic urge to 
applaud this achievement in economy 
that induced the celebrated Robert 


Burns to immortalize in verse the lowly 
louse, a pariah even among parasites, 
and which he describes as 
Ye ugly, creepin’, blastet wonner, 
Detested, shunn’d by saunt an’ sinner. 
He even selected as the locus for his 
exhibition a lady’s hat—a beautiful and 
expensive setting—and he sanctified the 
performance in the devotional atmos- 
phere of a church service. Note in his 
opening verse how Burns’s genuine ad- 
miration refuses to be totally concealed 
by his natural antipathies. 
Ha! whaur ye gaun, ye crowlin’ 
Your impudence protects you sairlie; 
I canna say but ye strunt rarely 
Owre gauze and lace; 
Tho’ faith! I fear ye dine but sparely 
On sic a place. 


ferlie! 


Then after six stanzas of the exciting 
adventures in and on milady’s Sunday 
millinery comes the immortal closing 
stanza: 


O wad some Power the giftie gie us 

To see oursels as ithers see us! 

It wad frae mony a blunder free us, 
An’ foolish notion: 

What airs in dress an’ gait wad lea’e us, 
And ev’n devotion! 


A verse packed with serious thought for 


every scientist. Perhaps the use of a 
parasite was merely a coincidence—or 
was it the potency of Burns’s favorite 
“*highland dew’’? I prefer, personally, 
to think that the jovial Scotch bard 
caught something of the parasite’s view 
of man; he got a louse’s view of man and 
found it more honest than a man’s view 
of a louse; he saw ‘‘oursels as ithers see 
us’’ and found our “‘notions’’ and ‘‘even 
devotions’’ ridiculous. To him, a louse 
is good for man—it keeps him from 
brooding too much on his worldly im- 
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portance—one of the notions that man so 
immensely exaggerates—and that’s, to 
begin with, something to be said for 
parasitism. 

In the truly more humble spirit of 
Bobby Burns let us consider the im- 
portance and the tremendous contribu- 
tions of parasitism to biological evolu- 
tion. The decalog has no place in this 
evolution of parasitic relations. Man is 
nothing more or less than one of the 
most complex of the products of evolu- 
tion. Indeed, he, himself, is merely one 
of the famous and successful parasites of 
all biological history. A louse is a louse, 
a flea is a flea, a bacterium is a_ bac- 
terium, and ill does it become man to 
belittle the dignity and achievements of 
these venerable and distinguished orders 
of fellow parasites. The world revolves 
just as much about the louse as about 
man. Man’s egotistical assumption of 
his place in the sun as the end and aim 
of cosmic evolution is responsible for the 
prevailing ethical prejudice against par- 
asites and for the distorted concepts con- 
cerning the real importance of para- 
sitism. To sum vp in the language of 
our legal brethren, teleology and ethics 
are irrelevant, immaterial and incon- 
sequential as evidence in this discussion. 

Of course, it becomes necessary at the 
outset to define our terms. What do we 
mean by parasitism? Broadly defined, 
it is a condition of intimate association 
between two organisms, i.e., living en- 
tities in which one organism, the para- 
site, lives on or in the other, 1.e., the host, 
and derives a part or all of its food from 
this host. The effect of this association 
is frequently injury, or even death, to 
the host. In other cases, however, no 
apparent injury is sustained by either 
organism. In extreme cases the associa- 
tion may seem to be indispensable to both 
organisms. These mutually beneficial 
associations are termed ‘‘symbiosis.’’ 
But between symbiosis and parasitism 
there can be drawn no sharp line of 
demarcation. The transitional nuances 


from serious injury to slight injury, and 
then to no injury, and finally to appar- 
ently mutual benefit are gradual and 
continuous. Moreover, even in the classi- 
eal examples of mutualistic symbiosis, 
one of the partners in the association is 
more or less independent or dominant, 
and, finally, there is much evidence that 
all such cases of symbiosis are evolution- 
ary developments from true parasitic 
associations. For our purposes, there- 
fore, symbiosis may be regarded as mutu- 
ally beneficial partnerships arising from 
and due to parasitism. 

The definition of parasitism is not 
complete, however, without a considera- 
tion of its relation with the associations 
of organisms known as saprophytism. 
Saprophytes are organisms (in a strictly 
literal sense—plants) deriving their food 
from dead organic material, in other 
words, from the dead remains of pre- 
existing plants or animals. In the last 
analysis these saprophytes and scaven- 
gers are just as dependent on other 
organisms for their subsistence as are 
confirmed and orthodox parasites. The 
essential point is that they too derive 
their food from other organisms. By 
well-learned economy of effort they find 
it unnecessary to manufacture their own 
food from inorganic minerals, water and 
air, as do the plants called autophytes, 
but start with such food, previously pre- 
pared by other organisms, and adapt 
these to their own use. Between para- 
sitism, in the technical biological sense, 
and saprophytism are crowded innumer- 
able gradations so that one shades off 
imperceptibly into the other. Some are 
weakly parasitic and predominately 
saprophytic; others are strongly para- 
sitic and weakly saprophytic. At one 
extreme are obligate parasites, ¢.g., rusts 
of cereal, which can be grown only in 
their parasitic relationship on the living 
cells of grain plants, and at the other 

“extreme are obligate saprophytes, such 
as our common mushrooms, which grow 
only on dead remains of other organisms. 
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The essential feature of the phe- 
nomenon which we call parasitism is the 
derivation of already elaborated food by 
one organism from another organism. 
Always there is this nutritional inter- 
dependence. It is common to the whole 
gamut of phenomena, which range from 
mutualistic symbiosis, on the one hand, 
through the multitudinous types of or- 
thodox parasitism, to all forms and types 
of saprophytism at the other extreme. It 
is always predicated on an already exist- 
ing or a pre-existing organism as a host 
or source of food. It always involves the 
establishment of a food habit in the par- 
asite, which is not independent of other 
organisms but dependent on them. It is 
a nutritional dependence in a social 
structure. It is a departure from the 
individualism of the autophyte, which 
makes its own food from the rocks and 
water and air and which is socially in- 
dependent of all other organisms. And 
it is this basic and comprehensive feature 
of parasitism in its broadest sense that 
has had an incaleulable effect on biolog- 
ical evolution. Its exploitation has re- 
sulted in theft and robbery of every de- 
scription, even in the destruction of indi- 
viduals and whole races of organisms. It 
has appeared and reappeared in the long 
history of living things in every con- 
ceivable form and degree. But it has 
not always been destructive. Under for- 
tunate use it has been not only beneficial 
but even indispensable to progress. It 
has made possible the development and 
has been an indispensable feature of all 
the higher plants and animals that exist 
in this age of biological history. With- 
out this fundamental physiological phe- 
nomenon, none of our mammals or seed 
plants as they are now constituted could 
be possible to-day. 

That parasitism always involves de- 
generation of structure or function is a 
false assumption, based on human prej- 
udice in the interpretation of social 
values. It is man’s view of the louse. 
Biologists, in more recent times, have 


become more charitable in their appraisal 
of such manifestations of parasitism. 
Structural effects of parasitism, for- 
merly described as degeneration, are now 
said to be simplification, while the phy- 
siological results are often recognized— 
though sometimes grudgingly—as in- 
ereasedly complex. But simplification is 
only a half truth. Why is it that a 
parasite, like a wood rot fungus, deriv- 
ing its food from the trunk of a tree, 
does not form leaves and roots and stem? 
There is absolutely no need for these 
organs. The foods which leaves, with 
their green energy transformers, build 
up from the inorganic salts conveyed in 
water solutions and absorbed by the 
roots and from the carbon dioxide of 
the air, are ready at hand. What a 
marvel of economy, efficiency and adap- 
tation to the complex environment of the 
tree trunk such a heart-rot fungus pre- 
sents. Thousands of threads, micro- 
scopic in width, ramify into a network 
throughout the entire heart of the tree 
trunk from top to bottom, disintegrating 
the woody cells and converting the or- 
ganic materials manufactured by the tree 
and laid down in the wood into food for 
its own use, accumulating and storing 
it up until ready for reproduction. 
Then, almost over night, this clever 
parasite throws all its accumulated 
wealth into fruiting bodies producing 
millions upon millions of spores, shot 
off by marvelously constructed tiny ex- 
plosive devices through openings ad- 
justed to hair-line accuracy by reactions 
to the force of gravity. To one who 
delves deep into the life story of such 
a parasite, the designation of degenera- 
tion of structure is a base libel. To speak 
of it even as a simplified structure is to 
be guilty of superficial judgment, be- 
cause one discovers that those tiny ab- 
sorptive threads contain chemical labora- 
tories capable of producing more than a 
score of kinds of enzymes to disintegrate 
the complex elements of the wood; one 
finds, moreover, that the nuclear be- 
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havior of the reproductive bodies ex- 
hibits a type of séxuality and an alter- 
nation of sex and spore generations rival- 
ing, if not exceeding, in complexity the 
sex processes of the showy seed plant 
aristocrats of the plant kingdom. A 
plant such as this, that has four or per- 
haps more kinds of sex, is hardly simple! 
Neither degeneration nor simplification 
are adequate terms of description for 
such parasites. Rather are they ex- 
amples of extreme economy of effort and 
material and marvels of adaption to a 
social order that has taken geologic ages 
to evolve. 

How old is parasitism? As far as one 
may judge, it is as old as the oldest 
living organisms that exist to-day and 
must, therefore, have been of very 
ancient origin. It was certainly common 
in the Pre-Cambrian era. Bacteria are 
generally acknowledged to represent the 
most primitive type of existing proto- 
plasm. It is a fact of extraordinary sig- 
nificance that the modern bacteria are al- 
most universally parasitic or saprophytic 
in habit—almost, but not quite, since we 
must not overlook the autophytic bac- 
teria, those existing forms of the most 
primitive types of organisms known to 
science. It is obvious that, in organic 
evolution, autophytes of some form must 
have initiated those complex continuing 
chemical reactions which we call life. It 
may even be that the more conspicuous 
autophytes or independent green plants 
of to-day, whose nutritional indepen- 
dence is possible through the agency of 
the green coloring matter of leaves, which 
transform sunlight into heat and chemi- 
cal energy, were a later development and 
may possibly have arisen from pre-exist- 
ing and primitive saprophytes or para- 
sites. The first evolutionary develop- 
ment of this green-leaved or chloro- 
phyllous group of plants resulted in the 
algae, consisting of the green pond 
scums and sea weeds, where threads or 
filaments of cells appeared in contrast 
to the separate cells of early bacterial 


forms. Parallel with these independent 
or autophytic algae there was evolved, at 
possibly many stages in the evolution, 
parasitic forms in great variety. One 
of these groups, starting, perhaps, as 
unicellular parasites in the cells of algae 
and adopting the same filamentous habit 
as the algae, produced the water and fish 
molds and later, when emerging on the 
land, developed the parasites and sapro- 
phytes which we know as higher fungi 
of to-day: molds and mildews, rusts and 
smuts, mushrooms and wood rots; thou- 
sands of bizarre forms of extraordinary 
structure and habit, known only to the 
specialists in this field. The high degree 
of specialization that has been attained 
by such parasites may be well illustrated 
by a fungus of microscopic size (a 
Laboulbenia). It is found quite con- 
stantly on one particular joint of one 
particular leg of one species of water 
beetle. And yet that same minute para- 
sitie species exhibits not only a segrega- 
tion of sex plants but also a sequence of 
nuclear sex history rivaling in an analo- 
gous, if not actually homologous, pro- 
gram, the corresponding: sequences, viz., 
alternating generations, of our highest 
plants and animals. And, most extraor- 
dinary feature of all, this tiny, obligate 
parasite, living under predominately 
aquatic conditions, has been so pro- 
foundly affected by its parasitic evolu- 
tion that it has entirely lost the auto- 
motility mechanism of its sperm cells, 
although these are transferred in water, 
whereas in contrast to this loss of sperm 
motility even in some of the seed plants 
of to-day, growing under aerial condi- 
tions in exceedingly dry habitats, the cili- 
ated self-propelled sperm mechanism of 
most ancient origin persists. Parasitism 
has indeed been a most profound force in 
shaping the form, habits and destinies of 
organisms. 

Indeed, the fungi, which are all para- 


“sites or saprophytes, present as a whole 


a bewildering panorama of parasitic and 
saprophytic phenomena. They exhibit 
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almost an infinite variety of form, from 
microscopic spheres to giant puffballs 
and exotic toadstools. They vary in 
habit from intracellular parasitism in 
single host cells to the rotting of gigantic 
trees, to the complete destruction of man- 
grown crops, to a cooperative partner- 
ship which makes the rare and expensive 
orchid entirely dependent on its fungus 
partner, to the destruction of almost 
every type of organic material built up 
in the special chemical laboratories of 
hundreds of thousands of species of 
plants and animals, for each of which 
the destruction involves a complexity of 
chemical processes comparable to its 
manufacture. They inhabit every cli- 
matic zone; they penetrate on land 
farther toward the poles than any form 
of plants or animals; they are found in 
the tropical jungle and in the sands of 
the Sahara; they, alone, can wrest a liv- 
ing from the bare exposures of igneous 
rocks. They have persisted through 


geologic ages that have witnessed the 
rise and complete elimination of the gi- 


gantic forests and exuberant vegetation 
of the great Paleozoic ; they have adapted 
their parasitism and saprophytism to the 
evolutionary succession of plants and 
animals throughout geologic time. 

To apply to them the term degenera- 
tion is to judge them falsely in terms of 
human ethics. Even to call them simple 
most unscientifically accentuates form 
and structure without due regard to the 
economy and adaptation which they ex- 
hibit and, above all, ignores their highly 
complex physiological attainments in an 
infinite variety of environments. 

The two great plant groups of para- 
sites, the modern bacteria and the fungi, 
began their parasitic careers millions of 
years ago. The bridge back to inde- 
pendent life—to autophytism—they have 
apparently burned irreparably behind 
them. They stand or fall on parasitism. 
But how about the other plants, that 
great group of autophytes which also 
crept out on the land in Precambrian 


times and evolved the mosses, then the 
ferns, the pines and other primitive seed 
plants, and, finally, the great present- 
day higher seed or flowering plants? 
Have they too attempted the ways of 
economy through parasitism? It is a 
remarkable fact that almost throughout 
this long succession of plant forms, para- 
sitism has appeared and reappeared in 
a most varied panorama of forms and 
habits too numerous to attempt to even 
enumerate. Many of these experiments 
in evolution have been unsuccessful— 
some certainly have succeeded. A few 
familiar examples from our higher seed 
plants will illustrate. Remote ancestors 
of our common morning-glory found 
that their stems, closely twined about 
another plant of an entirely different 
species, made possible the transfer of 
stem fluids from the plant about which 
these stems are wound. This transfer 
was improved by sucker-like outgrowths 
penetrating the stem of the host. Grad- 
ually a complete food supply was pos- 
sible, and the now-confirmed parasite 
found leaves and even chlorophyll un- 
necessary, and thus we have the parasitic 
family of the dodders of to-day. Even 
to-day, however, the individual dodder 
plant begins its life as a seedling auto- 
phyte with green seed leaves, but it 
perishes unless it finds, by weaving its 
stem around in the air, a suitable host 
upon which to continue as a parasite. 
The mistletoes, parasites on apple trees, 
cottonwoods and pine allies, still retain, 
in many species, their chlorophyll, a 
false sign of independence, since they are 
wholly dependent on their hosts for 
mineral foods at least. 

The Indian pipe of our northern woods 
is so utterly devoid of chlorophyll and so 
deadly white that it merits its other 
common name of corpse plant. Ages ago 
it belonged to the same family as the 
blueberry, the rhododendron, the Azalea 
and wintergreen. We call this family 
to-day the heath family. The Indian pipe 
parasitism (more technically termed 
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saprophytism) is of a quite different 
origin from dodder. Those ancient blue- 
berry ancestors found their roots invaded 
by a certain fungus parasite. Appar- 
ently some degree of tolerance grew into 
an established partnership, and this 
ancestral heath plant came to rely en- 
tirely upon the food which the fungus 
obtained from the organic matter of the 
forest soil. So complete was this nutri- 
tional partnership that the Indian pipe 
lost every use and vestige of chlorophyll, 
although it still retains the flower and 
seed characteristics of its distant rela- 
tives. In passing, it may be of interest 
to note that many species of the heath 
family, e.g., blueberries, from their 
green appearance apparently completely 
autophytes, are, when one probes their 
private lives, found to have clandestine 
partnerships with fungus parasites from 
which they derive nutritional capital 
that enables them to exist even in un- 
friendly environments, such as the cold 
peat bogs of our own climate. Indeed, 
these partnerships with fungi that feed 
on soil organic matter not directly avail- 
able to the prim autophyte, are now 
found to be common to a great variety 
of plants and especially trees, where 
special root organs in which the fungi 
live are produced. Such a partnership 
is appropriately known as mycorhiza—a 
fungus root. 

Even more extraordinary are the rela- 
tions of fungi and orchids. As every 
one knows, orchid flowers are exception- 
ally specialized in their insect relations 
—often adapted to cross pollination by a 
few or even a single species of visiting 
insect. One result has been an evolu- 
tionary exuberance of orchid species 
with bizarre and beautiful flowers. Over 
15,000 species of orchids are known, but 
that high degree of flower specialization, 
together with the highly specialized 
fungus relations, also results in a com- 
paratively small number of individuals. 
One may contrast them, for instance,” 
with grasses, which depend merely on 


the wind for pollen transference and of 
which only some 4,000 species are known, 
and yet the grasses cover the prairies 
and field, marshes and uplands—they 
clothe the earth—and the orchids are so 
rare that most of them are known only 
to the botanist. Indeed, in the explora- 
tory period of botanical science more 
than a hundred years ago, single speci- 
mens of tropical orchids were capitalized 
under joint stock companies. Now many 
orchids, when the roots are carefully ex- 
amined, show no root hairs such as are 
common to other seed plants. Instead, 
they have fungus partners analogous to 
those of Indian pipe and mycorhizae. So 
well established has this nutritional 
partnership become that, when the 
orchid seed germinates, it must soon 
meet the fungus partner in the soil gr 
it perishes. The seeds are often so tiny 
as to appear like dust and must be pro- 
duced in countless numbers to compen- 
sate for the enormous infant mortality 
that inevitably results not only from the 
paucity of food material due to its small 
size but also from its highly specialized 
fungus relations. 

We have now reviewed enough forms 
of parasitism to make clear one basis 
for a claim for the beneficent use of 
parasitism. Over and over again in the 
history of plant life are found such ex- 
amples of parasitic relationships. Per- 
haps at one time they were predomi- 
nantly destructive. Perhaps species and 
whole families of hosts have been exter- 
minated but here and there the antag- 
onism has been converted by a perma- 
nent truce into a mutually satisfactory 
relation. But, more than that, such es- 
tablished relations now make available 
to the new partnership new environ- 
ments and new avenues of evolution. 
The dodder lives where the morning- 
glory would perish ; the Indian pipe lives 
in the darkest forest where almost no 
light penetrates. 

To sum up to this point: Parasitism 
in a broad sense as nutritional interde- 
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pendence is of very ancient origin, per- 
sisting in primitive and in countless 
evolved forms throughout the geologic 
ages. Vast groups of organisms, fungi, 
bacteria and all the animal kingdom are 
irrevocably committed to the parasitic 
mode of life. Even among the chloroph- 
yllous autophytes there have appeared 
and reappeared great arrays of forms 
which have forsaken their nutritional 
independence for some special type of 
parasitism, direct as in dodder or mistle- 
toe or with the aid of fungi, as in or- 
chids, Indian pipe and hosts of others. 
The prevalence and range of parasitism 
among the living organisms of to-day 
are established facts and demonstrate 
conclusively its importance in past, pres- 
ent and future organic evolution. In the 
face of these astonishing facts even 
scientists continue to view these phe- 
nomena chiefly through the clouded 
glasses of human social ethics. 

I have introduced this group of para- 
sitic phenomena first because they illus- 
trate most clearly the transition from 
antagonistic parasitism to mutualistic 
symbiosis or, at least, to a satisfactory 
armed neutrality. We have not yet been 
concerned with whether or not it would 
be better for organic evolution if para- 
sitism had never been invented. The im- 
portant conclusion from these outstand- 
ing and numerous examples that occur 
throughout evolutionary history is that 
parasitism can and has been put to profit 
and use in meeting new and difficult situ- 
ations and has been remarkably effective 
in organic evolution. 

And now let us examine into this ques- 
tion: Would it have been better for 
organic evolution if parasitism had never 
been invented? To answer this we must 
turn to an entirely different aspect of 
parasitism—and here I ask you to keep 
in mind our broader definition of that 
term—what the biologist calls hetero- 
trophism, including parasitism and sap- 
rophytism. The original living sub- 
stance was characterized chiefly by an 


automatic and continuous set of chemical 
and physical reactions. Expressed in 
terms of an individual those reactions 
result in growth of the individual organ- 
ism; in terms of continuity through the 
germ cells they result in reproduction. 
These continuing reactions can theoreti- 
eally only be limited by the supply of 
essential elements in available form 
necessary for the reactions and by the 
environmental conditions of heat, light 
and other meteorological factors. The 
reactions which result in the individual 
apart from its reproductive contribution 
to race continuity have come to be 
limited. Death has become the concomi- 
tant of individualization. If individuali- 
zation, as a diversion of protoplasm from 
the racial reproductive stream to the 
fixed elements of individual growth, be 
a sin or risk against race continuity, then 
death is indeed the wages of sin. With- 
out death, overproduction of living sub- 
stance and complete exhaustion of all 
available substances necessary for life 
reactions would be a distinct possibility 
if not an imminent danger. At any rate, 
death came to living substance and its 
products. Now comes an important ques- 
tion: What becomes of this dead organic 
substance? The disintegration of dead 
organic matter by physical forces, ex- 
cepting fire, perhaps, is very slow. Wood, 
not subject to decay, may last for cen- 
turies. The destruction of that dead 
material and the restoration to available 
conditions of the elements included in its 
composition would quite obviously be of 
enormous advantage to the evolving 
forms of life. Bacteriologists use a 
standard illustration to the effect that if 
one placed a single bacterium in the 
ocean and if that bacterium were to grow 
to double its size and then divide in 
twenty minutes (which is a common pro- 
cedure) and if this process were con- 
tinued without interruption and without 
the death of any of the resulting bacteria, 
all the oceans of the world would be filled 
in a comparatively short time. Of course 
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that doesn’t happen for several reasons. 
The possible predicament of early ex- 
haustion of materials by autophytes, the 
only true individualists in organic evolu- 
tion, was avoided by a simple and per- 
haps inevitable development even in the 
dawn of biological history. The primi- 
tive ancestors of our present bacteria 
probably devised that solution and merit 
the title of the first great conservationists 
of all time. Certainly they learned to 
disintegrate dead organic materials and, 
in doing so, returned a large part of that 
material to conditions available for 
future use. From saprophytism on dead 
organic material to true parasitism was 
only a step. But it is quite obvious that 
such parasitism must, of necessity, 
require time in which to evolve and adapt 
itself, and so it inevitably follows that 
the older forms are more liable to de- 
struction by parasites than those most 
recently evolved. The evolution of the 
parasite must lag at least some little dis- 
tance behind the newest fruit of evolu- 
tionary progress. The plant breeder of 
to-day knows that he must constantly 
keep ahead of the pursuing host of para- 
sites. Since evolution involves a steady 
flow of actual protoplasm in all conseiv- 
able directions of adaptation, saprophyt- 
ism is in the long run an indispensable 
aid in parasitism as accelerator, at least 
in the mopping up process at the rear of 
the evolutionary streams. 

The decay of tree products, including 
the branches, trunks, roots and leaves, is 
practically entirely due to fungi. Only 
the liveliest imagination can conceive of 
the vegetation of to-day or of past ages 
without the seavenger service of the 
fungi. Perhaps the trees, if any, would 
have been so tall in order to protrude 
through the rapidly accumulating debris 
of branches and leaves that our simian 
ancestor would never have found it pos- 
sible to even reach the ground. Or per- 
haps our even more distant ancestors 
would never have been able to climb the 


trees and we might still be sitting with E 


the oyster on the rocks of the ocean 
bottom. 

In the light of these facts, parasitism 
takes on a new significance. It becomes 
a necessary check on the increasing and 
diversifying program of living substance 
in its appropriation of earth’s limited 
materials. Its ultimate effect is not wan- 
ton waste but reclamation and conserva- 
tion. It permits organic evolution, which 
can not stop but must go on to traverse 
again and again the terrain that is con- 
stantly being reclaimed or transformed 
into available habitats for improved 
organic forms. When the rugged indi- 
vidualism of autophytes has reached the 
maximum production on the earth’s sur- 
face, the then existing organic popula- 
tion can be maintained or increased only 
by the more improved use of parasitism. 
Parasitism, in its broader meaning, is an 
ever increasingly important factor in 
organic evolution. 

I have said nothing about animals, and 
little need be said. They are all hetero- 
trophs and are quickly disposed of, and 
they would be very quickly disposed of 
if all autophytic plants were suddenly 
eliminated or destroyed. All such hete- 
rophytic animals, as well as plants, would 
starve. If this destruction were to in- 
elude only the chlorophyllous autophytes, 
we would still have the primitive auto- 
phytic bacteria, and evolution would 
have to begin again where it began per- 
haps a million years ago. Man is no ex- 
ception but merely one of the great army 
of dependent organisms. Indeed, he is 
the shining example of what the evolu- 
tion of parasitism itself may accomplish. 
He, more than any other product of 
organic evolution, is better equipped to 
control his environment and to shape his 
future. Yet he is only a saprophyte (I 
use the more polite botanical term), and 
he is more closely specialized in this réle 
than we sometimes realize. Could he 
exist on the flora and fauna of the Paleo- 
zoic age if suddenly transported to that 
era? Men have starved in the forest and 
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on the prairie surrounded by vegetation. 
Who can be sure that, in ages to come, 
he may not become entirely slave to 
orange juice, spinach and raw milk? 

I come finally to some achievements 
of parasitism which have played a dom- 
inant role in the evolution not merely 
of the great succession of land plants 
from the time of their emergence (from 
water) to the present but also in the evo- 
lution of the highest animals, the Mam- 
malia. 

The seed, that modern structure which 
characterizes the highest orders of the 
plant life of to-day, was possible only 
with the aid of parasitism. Moreover, 
parasitism was called in, not once but 
twice, in that evolutionary history. 

The seed of pine, for instance, con- 
sists of three principal parts: (1) the 
seed coats which are formed by and are 
a part of the seed leaves of the parent 
plant, (2) the endosperm, a food store- 
house for the third part, which is (3) 
the embryo plant which lies within the 
endosperm. Of outstanding importance 


is the fact that these three parts .belong 


to three different generations. One 
among many proofs of this lies in the 
nuclear constitution of the cells. The 
nuclei of the endosperm have each lx 
number of chromosomes (depending on 
species of plant concerned) while the 
seed coat nuclei have double or 2x 
chromosomes. The embryo plant also 
has 2x chromosomes, but, since it is 
formed by the fusion of two sex cells 
(one from the endosperm and one from 
the pollen tube), it is a different genera- 
tion from the seed coats. Now the endo- 
sperm generation is not autophytic or 
independent. It is absolutely dependent 
on the seed coat generation for its food 
and existence, even though it is a sepa- 
rate generation. Here we have an inter- 
generational parasitism dating back 
probably to Mesozoic times when the 
modern seed was evolved. The second 
type of parasitism in the seed is, per- 
haps, more familiar to you. The young 


plant embryo in the seed has fed entirely 
on the endosperm generation until the 
seed is ripe, and even after it breaks open 
the seed coat at germination it may con- 
tinue to be parasitic on the endosperm 
until independently established in the 
soil. This type of parasitism is much 
the older of the two and probably arose 
in the Pre-cambrian geologic era. A 
very important feature of this type as it 
exists in the seed is that it is a parasitism 
confined to infancy. It appeared in the 
evolution of plants in the mosses where 
it was and still is a permanent though 
partial parasitism. In the ferns it be- 
came confined to infancy when the para- 
sitiec generation as it matured developed 
roots and was thus able to live at ma- 
turity independently in the soil. The 
first type of parasitism, viz., that of the 
endosperm on the seed coat generation, 
appeared in primitive variations among 
the ferns probably in the Paleozoic age, 
but was consummated when the three 
generational units were consolidated into 
the modern seed of the flowering or seed 
plants. 

Shall we say that it was wicked for 
plants to produce seeds because such 
seeds are founded largely on parasitic 
habits ?—or shall we rather acknowledge 
the marvelous contribution which para- 
sitism has made in the development of 
that organ which characterizes 90 per 
cent. or more of the entire vegetation of 
to-day? 

I need now merely refer briefly to the 
contribution of parasitism to the evolu- 
tion of Mammalia, the highest ranking 
order of the animals of to-day. Fetal 
infancy quite obviously exhibits incal- 
culable advantages in the life of Mam- 
malian individuals. That infancy, often 
of long duration, is founded on the para- 
sitism of the fetus on the mother, from 
which the fetus obtains all its food. You 
are reminded that in that human fetal 
period more and greater morphological 
changes in the growth of the individual 
are consummated than in the entire life 
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after birth. And all that prenatal 
growth is parasitic in the broader mean- 
ing of that term. Man, in his sociologi- 
eal progress, has found it profitable to 
prolong that parasitism in a sociological 
sense into a period of many years by 
special care, education and training of 
child and youth—even far beyond the 
physical stages of adolescence and ma- 
turity—even to the completion of a col- 
lege course or the attainment of a Ph.D. 
And modern trends of human society are 
extending that infancy to public support 
and care of mature and aged as well as 
infants, of unfortunates as well as irre- 
sponsibles, of incompetents as well as 
competents. If Mammalian orders are 
truly the aristocrats of the animal king- 
dom, they owe that position in a large 
measure to the adaptation of parasitism 
to their course of evolution. 

I have ventured to prove from numer- 
ous biological facts and from the experi- 
ences of biological evolution that the 
much disparaged and even despised 
parasitism has been, perhaps, predomi- 
nantly a constructive force in plant and 
animal evolution. 

All these considerations on parasitism 
as a great constructive rather than as a 
destructive force in evolution challenge 
our thought as to their significance or 
connotation in the social evolution of 
man and especially in the direction of 
that social evolution. The biological 
would seem to be the soundest approach 
to a fundamental consideration of such 
human social problems. But time does 
not permit of even a brief discussion at 
this time. In closing, however, a few 
important generalizations may be per- 
missible and not out of place. 

Interdependence is axiomatically an 
essential in organized society. Individ- 
ualism is a réle in organic evolution that 
ean only be played by the autophytes of 
the plant world. And even that group 
must call upon the interdependence 
which we call parasitism to conserve the 
earth’s food resources by restoring from 


their gigantic overproduction of organic 
material that which can be returned and 
reconditioned for future organic use. 
Human overproduction of food supplies, 
in an analogous sense, demands, in the 
name of true conservation, that interde- 
pendence of social groups which we call 
international trade or its equivalent in 
order that, by the beneficent use of para- 
sitism, we may reclaim in some form the 
material or other products into which 
such interdependence may effectively 
convert it. Human society, as such, can 
not safely disregard or ignore the strik- 
ing lessons of interdependence of indi- 
viduals or of social units. 

To organic life as expressed in the 
higher plants and animals of to-day, the 
menace of the complete exhaustion of 
available food is real. Parasitism in its 
destructive capacity is a check on the un- 
limited use and waste of that available 
food, and in its constructive capacity it 
is the reclamation of new food materials 
from the locked storehouses of organic 
products. Without that parasitism it 
seems inevitable that these higher plants 
and animals must approach extinction 
through increasing unavailability of 
food materials. It is even conceivable 
that without that parasitism, organic 
evolution may come to an abrupt end by 
the complete exhaustion of food mate- 
rials. Because of that parasitism or- 
ganic evolution may approach a succes- 
sion of building up and tearing down 
processes that are limited only by the 
ingenuity of living substance in devising 
forms of social and individual para- 
sitisms. Living substance may become 
merely the catalyst in the reconstitution 
of the earth’s solid rocks. But that ever 
progressing catalysis is dependent not 
merely on the utilization of the rugged 
individualism of the autophyte but 
equally upon the restoration and rec- 
lamation of used materials to continued 
use. I am almost persuaded that para- 
sitism is the great hope of future organic 
evolution. 





Al 
cient 
larly 
port: 
They 
ence 
with 
most 
a pr 
had | 
tions 
and 
our 0 

Th 
the 1 
races 
were 
of in 
day, 
ancie 
rich ] 
tact 
tales 
be un 
nume 
have 
doubl 
a drt 
becau 
drago 
Hopi 
ous f 
expla 
blanee 
wings 
we tu 
ures © 
are al 
resem) 

To: 
art, w 
mulati 


THE INSECT MOTIF IN ART 


By Dr. 8. W. FROST 
DEPARTMENT OF ZOOLOGY AND ENTOMOLOGY, THE PENNSYLVANIA STATE COLLEGE 


Art has a background almost as an- 
cient as man himself. This is particu- 
larly true of the Orient, where the artist 
portrayed the spirit or mood of things. 
They viewed the old masters with rever- 
ence and carved, engraved or painted 
with emotion. The fashioning of the 
most commonplace trinket or toggle had 
a profound significance. Such creations 
had their inception in the ancient tradi- 
tions of the people, lending a refinement 
and polish which is lacking in much of 
our modern art and architecture. 

The ultimate sources of genuine art are 
the myths, legends and folk-lore of the 
races of the world. Originally these 
were told and retold among the members 
of individual clans or tribes. Even to- 
day, some races continue to relate these 
ancient stories, thus keeping alive their 
rich heritage of folk-lore. Without con- 
tact with primitive tribes, many of these 
tales would have been lost and we would 
be unable to interpret the significance of 
numerous motives and patterns which 
have been used for generations. The 
double dagger ¢ of the Sioux represents 
a dragon-fly. This might be guessed 
because of its vague resemblance to a 
dragon-fly with outstretched wings. The 
Hopi and Arapaho use triangles in vari- 
ous forms to suggest butterflies. The 
explanation may be found in the resem- 
blance of triangles to the scales of the 
wings or to the wings themselves. When 
we turn to the highly conventional fig- 
ures of the Tsimshian or the Tlingit, we 
are almost overwhelmed by the lack of 
resemblance to animals. 

To assist in the interpretation of early 
art, we have the advantage of an accu- 
mulation of fables attributed to Aesop, 


Persian fables from the Baharistan, 
Hindu fables from the Panchatantra and 
miscellaneous fables from China, Russia, 
Italy and numerous other countries. 
The legends of many of the American 
Indians have been collected and pub- 
lished in various reports. The artist is 
certainly indebted to the untiring efforts 
of the ethnologist, who is doing much to 
gather and translate these legends before 
they are lost forever. 

Some of the earliest accounts of insects 
are found in the ancient Hebrew writ- 
ings ultimately translated into the most 
outstanding example of English litera- 
ture. The Septuagint version chronicles 
events that happened as early as 1500 
B.c. Numerous insects' are mentioned; 
notably, ants, bees, beetles, fleas, flies, 
gnats, grasshoppers, hornets, lice, locusts, 
moths and palmer-worms. The ant is 
extolled for its provident habits, its in- 
dustry and its foresight. The gnat, a 
variety of the mosquito, occurs only in 
Matthew, 23: 24, ‘‘Ye blind guides: 
which strain at a gnat, and swallow a 
eamel.’’ In Job 4: 19, reference is made 
to the fragile cocoon of the moth. The 
beetle, cankerworm and palmer-worm 
were probably the locust, which, by the 


way, was represented in the original by 


numerous names to refer to the various 
stages of development of this insect. By 
the command of Moses and the Lord, 
Aaron stretched forth his hand and 
smote the dust with his rod and straight- 
way it became lice in man and beast. 
The Lord likewise brought the pestilent, 
buzzing swarms of flies and hordes of 
locusts upon Pharaoh as imprecations. 
Classical literature abounds with ref- 
1J. G. Wood, ‘‘ Bible Animals,’’ 1876. 
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BUTTERFLY MOTIVES FROM PUEBLO POTTERY. 
(ArTER CUSHING.) 


erences to insects. At best we can men- 
tion only a few. The ancient poets and 
philosophers frequently alluded to them. 
Virgil, in Book IV, the Georgics, gives 
an interesting and detailed account of 
the honey-bee, a portion of which we 
quote. 

The bees have common cities of their own, 


And common sons: beneath one law they live, 
And with one common stock their traffic drive. 
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BEETLE MOTIF FROM A BASKET OF THE GUIANA 
INDIANS. (ArTER ROTH.) 


Each has a certain home, a several stall 
All is the state’s; the state provides all. 


Their toll is common, common is their sleep: 

They shake their wings when morn begins to 
peep ; 

Rush through the city gates without delay; 

Nor ends the work, but with declining day. 


Homer’s Iliad, because of its bellicose 
nature, speaks more frequently of 
panthers, lions and boars, although in- 
sects are occasionally mentioned. In 
Book 2, reference is made to ‘‘The 
numerous swarms of clustering flies.’’ 

Aristotle’s ‘‘Historia Animalium’’ is 
replete with accounts of the habits of 
various insects. He recognized the three 
castes of bees—female, worker and drone 
—and wrote many interesting things 
concerning them. Pliny likewise deals 
with bees in some detail, stating that they 
occupy the first rank among insects and 
were created for man. Aristophanes 
refers to the pestiferous bedbug. ‘‘The 
Wasps’’ is a comedy on the Athenian 
love of litigation. Xenarchus speaks 
boldly of the female sex. 


Happy the cicadas’ lives 
For they all have voiceless wives. 


The Japanese have many interesting 
legends concerning insects. The butter- 
fly is frequently regarded as a symbol of 
immortality because it changes from a 
homely caterpillar to a beautiful winged 
insect. In ‘‘The White Butterfly’’ an 
old man, on the point of death, was vis- 
ited by a white butterfly that fluttered 
about the room and lit upon his shoulder. 
It flew to a nearby cemetery and lingered 
for a short time over a woman’s tomb, 
then mysteriously disappeared. The 
woman was the man’s sweetheart, and to 
her he had been faithful. As he could no 
longer go to visit her, she came to him in 
the form of a butterfly. 

Hsiako-skik, according to tradition, 
dreamed he was a butterfly, and upon 
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waking the dream was so real that he 
could not tell whether he was a man who 
dreamed he was a butterfly or a butter- 
fly who dreamed he was a man. 

The dragon-fly, praying mantid, 
ericket, locust and firefly were special 
favorites of the orientals. The Japanese 
placed crickets in cages and admired 
them for their music. The Chinese im- 
mortalized the firefly in verse. 


Rain cannot quench their lantern’s light 
Wind make it shine more brightly bright 
O why not fly to heaven afar 

And twinkle near to the moon-a-star? 


More recent writers have been moved 
by the ways, music or charm of insects. 


The wrech of God hym smoat so cruelly 
That thrugh body wikked wormes crepte. 
—Chaucer 


Milton frequently refers to insects. 
His malediction in ‘‘Paradise Lost’’ 
reminds us of the plagues of Egypt: 


Frogs, lice, flies must all his palace fill 
With loathed intrustion, and fill all the land. 


We can not omit Robert Burns’s ‘‘To 
a Louse,’’ inspired on seeing one on a 
lady’s bonnet at church, or Charles 
Dickens’s ‘‘Cricket on the Hearth,’’ a 
story of simple life inspired by the 
rhythm of the cricket’s chirp. 

The American Indians also had their 
songs, but translations are often crude 
and impress us by their constant repeti- 
tion. The feast song of the Kwakiutl is 
characteristic of much of our Indian 
poetry. 


I am chief, I am chief, I am your chief, 

Yours, who you are flying about. 

I am too great to be bitten by those little flies 
that are flying about. 

I am too great to be desired as food by those 
little horseflies that are flying about. 

I am too great to be bitten by those little mos- 
quitoes that are flying about. 


The prayer song of the Navaho is 
equally as monotonous. 


On the trail marked with pollen may I walk 
With grasshoppers about my feet may I walk 
With dew about my feet may I walk. 


Into music also crept the insect note. 
A few composers have taken motives 
from the insects. The best known is 
‘‘The Flight of the Bumblebee,’’ by 
Nicolas Rimsky-Korsakov. The high- 
pitched violin gives a realistic represen- 
tation of the hum of the bee. ‘*Bom- 
bola,’’ by Henry Kimball Hadley, also 
suggests the bee. Antol Liadov, a pupil 
of Rimsky-Korsakov, adds to our reper- 


——J 





GRASSHOPPER MOTIF FROM MIMBRES POTTERY. 
(RESTORED AFTER COSGROVE. ) 


toire ‘‘The Dance of the Mosquito.’’ 
Another dipteran selection is ‘‘The 
Minuet of a Fly,’’ by Alphonse Czibulka. 
The Coleoptera have also been remem- 
bered especially by Gustav Holtz in 
‘‘The Beetle’s Dance.’’ Edward Greig 
and Frédéric Francois Chopin have 
taken motives from the butterfly, calling 
their selections ‘‘Papillion.’’ ‘‘The 
Glow Worm,’’ a popular piece of yester- 
day, is worth mention. 

The larger animals attracted man’s 
attention long before insects and other 
arthropods were copied in art. As a mat- 
ter of fact, the etchings and paintings of 
the grottos of La Grieze, La Mouth, 
Niaux, Tortosilla and Altmira, which 
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reveal the earliest traces of art, show 
chiefly mammoths, bison and reindeer. 
The salmon is represented on an en- 
graved antler from the Lorthet cave in 
the Pyrenees, but the insect is entirely 
absent from these early attempts at art. 

The cylindrical and probably the 























BERRY SPOON WITH ENGRAVING OF DRAGON-FLY, 
Hama.  (Arrer Boas.) 


button-like seals of Babylonia and As- 
syria, which were carved from chaleed- 
ony, carnelian, rock erystal and other 


hard stones, reveal some of the first_. 


representations of insect intaglios. 


In Egypt, the scarab was the most 
popular insect. The Egyptians were 
familiar with the habits of this beetle and 
selected it as a symbol of their god 
Khepera. It signifies ‘‘He who turns”’ 
or ‘‘Rolls,’’ referring to the dung-rolling 
habits of the beetle. It was supposed to 
represent a type of human soul emerging 
from the mummy case and was always 
figured on the mummy case. The scarab 
did not come into general use until the 
eleventh dynasty, about 2500 sp.c. They 
were carved from various materials; the 
poor used clay or stone, while those who 
could afford wore scarabs of jasper, lapis 
lazuli or even gold. Although the 
scarab originated in Egypt, it was later 
adopted by other countries, especially 
Crete, Syria, Italy, Sardinia, and was 
particularly common in Greece and 
Etruria. Petri? compares the scarab 
with the Christian cross. It is interest- 
ing to note that Murray-Aynsley likens 
the sutures of the scarab to the tau cross. 

The scarab was frequently used as a 
motif in architecture. We find it on the 
lintel of the doorway of the temple of 
Dendur, built about the time of Augus- 
tus. The vulture, Nekhabit, is carved, 
with outstretched wings, below the 
searab. These two motives, because of 
their similarity, are sometimes confused. 
On the sides of the doorway are the 
caduceus, a symbol frequently used in 
the medical profession. The scarab oc- 
eurs elsewhere, notably the tomb of 
Gemneka at Sakkara, built during the 
reign of Teta or Pepi, and on the famous 
tomb of Tutankhamen. 

Other arthropods, chiefly the fly, bee, 
locust, spider and scorpion, were used 
oceasionally in Egyptian art. We figure 
a string of gold beads from the Ur, dat- 
ing about 2300 B.c., composed of eight 
flies separated by round beads. Butter- 
flies occur on the jewelry of the Princess 
Khnumet, who lived during the reign of 
Amenemhet. Other butterfly examples 

2W. M. F. Petri, ‘‘ Amulets,’’ London, 1914, 
‘*Seals and Cylinders,’’ London, 1917. 
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may be found in architecture, especially 


on the decoration of the ceiling of the 
palace of Amenophis III at Thebes. 

In Greece, insects take a prominent 
place on coins, especially those of Ephe- 
sus. A silver tetradrachm, in be- 
tween 400 and 336 B.c., bears a bee and 
the letters Eo (of the Ephesians ) 
on the reverse, the fore parts of a stag 


use 
and, 
and a date-palm-tree with the letters 


Both bee 


and stag are symbols of Diana, an Asi- 


\PIZTOAHMO® (Aristodemus 


atie goddess identified by the Greeks 
with Artemis. A tridrachm has a bee 
ind the letters E #, as above, but in 


addition the signature of the magistrate 
rE the reverse bears the Her- 
the left and 
strangling two serpents, also the letters 
SyN The date of this coin is 394-295 
b.c. A Rhodian tertadrachm dated 394 
295 B.c. has a bee and the letters E 
ind on the reverse the fore parts of a 
stag and a palm-tree, with the letters 
HAPKPATIAHS. Another coin of the fifth 
‘entury is wedge-shaped, very thick and 
rregular in shape, with a bee on one 
side and no apparent markings on the 


‘everse. 


infant 


kneeling on knee 


cules 


Japanese art exhibits an abundance of 
eautiful inros, netsukes and exquisite 
‘arvings of ivory, jade, 
vood and metal. There is scarcely a sub- 
ect which has not been used. The object 
s generally fashioned to illustrate some 
Most museums of 
riental art feature great collections of 
hese beautiful objects. I have seen a 
letsuke in the form of a worm-eaten 
‘hestnut and an inro with a cicada on one 
side and two dragon-flies on the reverse. 
Brockhaus, an authority on netsukes, 
deseribes many fine specimens. 

The sword guards of the Japanese 


rock-erystal, 


nythologieal figure. 


show exquisite carving, remarkable in- 
laying and unique finishes or patinas. 
They represent the most refined and 
elaborate technique found anywhere in 
the realm of art. 


Iron, copper, tin, zine 
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A DOORWAY IN THE TEMPLE OF 
DENDUR. 
THE SCARAB OCCURS ABOVE, THE VULTURE BELOW, 
ON THE LINTEL. [HE CADUCEUS IS CARVED ON 
EACH SIDE OF THE DOORWAY. AFTER MASPERO. 





KNOPRI BARK. 


THE 


SCARAB GOD SEATED ON HIS 


AFTER MASPERO. ) 
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Upper: A TYPICAL COIN OF EPHESUS (MUSEUM 

FINE Arts, Boston). Lower: A STRING OF 

GOLD BEADS WITH FLY AMULETS FROM THE UR 
UNIVERSITY MUSEUM) 


and numerous alloys, such as shakudé, 
sentoku and shibuichi, known only to the 
Japanese, have been used. Examples are 
numerous in oriental collections. They 
take their names from the maker thus: 
Fukwansai, an iron tsuba, with a spider 
web in relief and a large spider inlaid 
in copper; Hidenaga, a small iron tsuba, 
with two dragon-flies inlaid in gold near 
the raised edge. 

The South American Indians used in- 
sects and spiders frequently to adorn 
their pottery, baskets and other crafts. 
They are well represented on the baskets 
of the Guiana Indians. Roth* has de- 
scribed the weaving and intricate designs 
of their baskets. These are especially 
interesting because there is considerable 
limitation of the pattern that can be 
employed. The design must be indicated 
by short lines and is of necessity conven- 
tional or represented by geometric fig- 
ures. It is surprising the number of 
natural elements that have been used, 
such as the deer and the monkey. 

3 W. E. Roth, Thirty-eighth Report, Bureau 
of American Ethnology, 1916-1917. 


Among the arthropods the beetle, the 


grub and the scorpion have been copied. 

In Mayan art, we find that the bee, 
dragon-fly, scorpion and spider are espe- 
cially common and are generally carved 
in stone. Tozzer and Allen* have figured 
and described many of these. 

Insects have been used frequently by 
the North American Indians. The but 
terfly motif of the Hopi is especially fine 
The body is usually represented as a tri 
angle. The wings are generally folded 
and often have marks characteristic of 
certain genera. They might easily be 
mistaken for birds if it was not for the 
jointed antennae. Moths are frequently 








GOLD PLATES FROM GREECE 
WITH BUTTERFLY AND SPIDER MOTIVES. THES 
WERE PLACED OVER THE FACES OF CORPS! 
(APTER WALTERS. ) 
4A. M. Tozzer and G. M. Allen, Peabod 
Museum, IV, 13, 1910. 
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represented by more highly conventional 


figures. The Arapaho, Kwakiutl and 
Salish often use geometric figures to 


represent insects. The spider, in Hopi 
mythology, is associated with the sun and 
is symbolic of their earth goddess. It is 
also one of the symbols of the Hoga of 
the Osage tribe. 

The insect has nowhere been so beauti- 
fully and so abundantly copied as by the 
aborigines of southwestern New Mexico. 
Cosgrove’ figures many excellent pottery 
bowls from the Swartz Ruins. Most of 
these are decorated on the inside with 
patterns of black and white and insects 
take a prominent place. Grasshoppers, 
butterflies, dragon-flies, centipedes, spi- 
The 


designs are highly conventional and are 


ders and scorpions have been used. 


usually enclosed by circles or bands of 
5H. 8. and C. B. Cosgrove, Peabody Museum, 
V, 1, 1932. 
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The majority of these 


dead, 


geometric figures. 
bowls were buried 
many of them are imperfect 

There is searcely a branch of art that 


with the and 


does not exhibit the insect in some form. 
We find them as marks on china and pew 
ter, as printers’ marks, as water-marks, 
especially on stamps, also in heraldry. 
An outstanding example of the latter is 
the shield of Napoleon, which bears three 
bees. 

We might continue to enumerate ex 
amples, but we have gone far enough to 
illustrate that insects are commonly used 
in art. The abundance of insects, both 
from the standpoint of the number of 
described species and the number of indi 
viduals, furnished ample subjects for a 


variety of motives. The diversity of the 
habits of insects, their association with 
water, certain plants, animals or even 


man, has led to frequent use in folk-lore 
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THE PROGRESS OF SCIENCE 


THE PHILADELPHIA AFTERMATH OF THE ATLANTIC CITY MEETINGS 


On Saturday, January 2, 1937, mem- 


bers of the American Association for the 
Affili- 


Advancement of Science and its 
ated and Associated Societies are invited 
to visit several of the scientific institu- 
tions of Philadelphia. As this will be on 
the way home for most of those attending 
the meetings in Atlantic City it is hoped 
that they will take advantage of this op 
portunity to see some of the oldest and 
most renowned scientific societies and in- 
stitutions in this country. Visitors will 
be the guests of the American Philosoph- 
ical Society, the Academy of Natural Sei- 
ences and the Franklin Institute. 

The principal host on this occasion will 
be the American Philosophical Society, 
which is the oldest learned society in 
America. It 
club, the Junto, started by Franklin in 


developed from a_ small 





DR. GRIFFITH C., 

MATHEMATICS, 

OF CALIFORNIA; CHAIRMAN OF THE SECTION 
OF MATHEMATICS. 


EVANS 


PROFESSOR OF UNIVERSITY 


1727. 
tion of a more general ‘‘Society for Pro 
Useful 


In 1743 he proposed the organiza 


moting Knowledge among the 


Americ¢a,’’ along 


British Plantations in 


the lines of the Royal Society of London 


which had been founded in 1660 This 
new society which included several mem 
bers of the Junto. was to be composed 
of ‘‘ virtuosi or ingenious men residing 
in the several colonies and was to be held 


in Philadelphia as the most central place, 


and to be called The Ameri Philo 
sophical Society 

For more than twenty) ir’s 
society with similar aims but ent 
social and political ideals existed in 


Philadelphia, but in 1769 the tv 
title **The American 
held at Philadel 


phia for Promoting Useful Knowledge.’’ 


united under the 


Philosophical Society 
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After this union Franklin served as pres- 
ident until his death in 1790; his succes- 
sor was David Rittenhouse, and the third 
president was Thomas Jefferson, who 
held that oftice for eighteen years, during 
which time he contributed papers to the 
early volumes of the 7'ransactions of the 
society and served for eight years as 
President of the United States. Twelve 
other Presidents have been members of 
the society, fifteen were signers of the 


Declaration of Independence, eighteen 





DR. GEORGE R. MANSFIELD 
GEOLOGIST, U.S. GEOLOGICAL SURVEY, CHAIR 
MAN OF THE SECTION OF GEOLOGY AND 

(;FEOGRAPHY. 


were framers of the Constitution of the 
l'nited States, thirteen have been Jus- 
tices of the Supreme Court. In addi- 
tion to these national figures, the society 
has included in its membership a large 
number of the leading scientists and 
scholars of this and other lands. At 
present its membership is limited to five 
hundred residents of the United States 
and sixty foreign members who are class- 
ified as follows: Class I, Mathematica! 
and Physical Sciences: Class II, Geolog- 
ical and Biological Sciences; Class ITT, 
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Social Sciences; Class IV, Humanities. 
It is thus a learned society, limited in 
membership but general in scope. Its 
principal activities consist in holding 
stated meetings for the presentation of 
original work, the publication of research 
in various fields of learning, the support 
of research by grants-in-aid, and the 
maintenance of a scientific and historical 
library. 

For 150 years the society has met in its 


own building on Independence Square, 
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DR. ROSS G. HARRISON 


PROFESSOR OF BIOLOGY, YALE UNIVERSITY: 
(CHAIRMAN OF THE SECTION OF ZOOLOGICAL 
SCIENCES. 


which is one of the shrines of science and 
learning in America, as Independence 
Hall is a shrine of patriotism. Here are 
found priceless relics of our early his- 
tory—the original Charter of Privileges 
granted by William Penn to the colonists 
of Pennsylvania; the surveying instru- 
ment used in laying out the City of 





Philadelphia; the largest collection of 


4" "Orr ; T ‘ ; . ry " ys) " " ; 

Frankliniana in existence, including DR. RALPH LINTON 

more than seventy bound volumes of =i : 

. ‘ : PROFESSOR OF ANTHROPOLOGY, UNIVERSITY 
his papers and letters, his numerous or WISCONSIN: CHAIRMAN OF THE SECTION 


publications, many of his personal be- oF ANTHROPOLOGY 
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longings, instruments with which he con 





ducted his early experiments on elec 
tricity, as well as models of his numerous 
inventions; the telescopes purchased by) 
the society and the clock made and used 
by David Rittenhouse in the observations 
of the transit of Venus across the sun 

1769: a model of a steamboat invented 
by John Fitch in 1785, ete llere are 
also many manuscript letters and papers 
of Washington, Jefferson, Madison, Mo 

roe and other founders of the natior 


here is the first draft of the Deecla 
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of Independence in the handwrit r ol 


Jefferson and the desk-chair in w 
is said to have written it: here are the 
manuscript journals of Lewis and Cla 
on their exploring expedition across tl 
continent; here are many thousands 


volumes of the publications of learne 





societies, as well as many other objects 
of interest. 
The Academy of Natural Sciences is 


celebrating this vear its 125th anniver 


DR. P. E. BROWN 


PROFESSOR OF Sors, IowA STate Cou 
LEGE; CHAIRMAN OF THE SECTION OF AGRI 
CULTURE. sary ; for many years it has been a cente1 
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of biological and geological research. 
Among its early officers, members and 
workers may be Audubon, 
Wilson and Cassin ; Say, Lea and Tryon; 
Le Conte, Horn and MeCook; Leidy, 
Ryder and Cope. From its foundation 
to the present it has been the principal 
taxonomy in 


mentioned 


contributor to zoological 
America, and its collection of type speci- 
Re- 


cently it has undertaken the development 


mens in certain fields is unexcelled. 


of a great natural history museum for 


the general public, as well as for the 


specialist. Its library of natural his- 
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OF SCIENCE 91 
from its inception awarded medals to 
encourage the application of scientific 
principles to industry, it published i“ 
Journal which has since become interna 
tional in character, it conducted courses 
of lectures of a scientific nature and it 
started a library which is known to-day 
as one of the best technical collections in 


the country. Within the last twenty years 


it has added two research laboratories 
to its original building—one, known as 
the Bartol Research Foundation. is di: 
voted to research in pure science, and 


the other, the Biochemical Foundation 








AMERICAN 
MEMBERS’ 


ory is one of the best in this country 
nd its portraits and memorabilia of the 
reatest naturalists are of especial inter- 
st to all biologists and geologists. For 
nore than sixty years it has occupied its 
resent location at 19th Street and the 
arkway, although its building has been 
reatly enlarged and improved in recent 
years. 

The Franklin Institute is 
Philadelphia organization which is the 
man. 


another 
lengthening shadow of a great 
l‘ounded in 1824 for the promotion of the 
The Franklin Institute 


mechanic arts, 


PHILOSOPHICAL 


MEETING ROOM SINCE 1789. 





SOCIETY 


studies researches in chemistry, with spe 
cial emphasis on cancer research 

In 1930, in a public drive, five millions 
of dollars was raised with which to build 
a memorial to Benjamin Franklin and a 
new for The Institute 
This building now stands on the Parkway 
at Twentieth Street in Philadelphia, an 


home Franklin 


edifice of great beauty, devoted to the 


teachings of science and the memory of 


America’s great Benjamin 
Franklin. It 


brary and lecture hall, the Fels Plane 


personage 


contains, besides its li 


tarium and a great industrial and sei 
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entific museum, in which the exhibits 
are self-operable. Franklin himself con- 
tributed to the building of this memorial 
when, in a codicil to his will, he gave 
£1,000 to the City of Philadelphia to be 
let out at interest to married artificers 
under the age of twenty-five years, evi- 
dently with the thought of their better 
training. In 1824, when the institute 
was chartered for the promotion of the 
mechanic arts, it conducted schools and 
had the first technical high school in the 
country. Because of this activity it was 
made the beneficiary under Franklin’s 
will by the Board of Directors of City 
Trusts of the City of Philadelphia in 
1907 when that body voted to give it 
$131,000, the sum then available from 
Franklin’s legacy. This money was 
added to the building fund of the In- 
stitute and thus was used for the memo- 
rial on the Parkway in Philadelphia. 
These three organizations—the Amer- 
ican Philosophical Society, the Academy 
of Natural Sciences and the Franklin 
Institute—are to be hosts to members of 
the A. A. A. S. and the Affiliated and 


Associated Societies on January 2, but 


other institutions in the city will gladly 
welcome visitors on this occasion. 

The train leaving Atlantic City at 
8:25 in the morning reaches Camden at 
9:35 and Market Street Wharf, Phila- 
delphia, at 9:45. The Hall of the Amer- 
ican Philosophical Society, 104 South 
Fifth Street, is only a few minutes walk 
from this wharf. A number of papers 
on ‘** Viruses and Virus Diseases’’ by out- 
standing investigators in this field will 
be given in the Lecture Hall of the Amer- 
ican Philosophical Society between 10 
and 1 o’elock. Lunch will be served in 
the society’s rooms for members and 
guests, and after lunch visitors may go 
to the Academy of Natural Sciences and 
the Franklin Institute where they will be 
received and shown around, or they may 
go to the Art Museum, the University of 
Pennsylvania, the University Museum, 
or other places of interest in Philadel 
phia. Those who prefer to go directl) 
to the Academy or the Franklin Institute 
should continue on the bridge train to 
Broad Street Station, which is but a shor 
distance from those institutions. 

EpwIn G. CONKLIN 
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THE BENJAMIN 





FRANKLIN MEMORIAL 





FRANKLIN 


AND THI INSTITUT! 


THE CANCER SYMPOSIUM AT ATLANTIC CITY 


THE Section on Medical Sciences of the 
American for the Advanee- 
ment of the 
Christmas meetings at Atlantic City a 


Association 
Science has arranged for 
symposium on cancer consisting of a 
series of seven sessions to be held from 
Tuesday to Friday, December 29 to Jan- 
1, inelusive. The first 
which will be held on Tuesday morning, 


uary session, 
will be devoted to questions concerning 
radiation, while the afternoon will be de- 
voted to various aspects of the relation- 
ship of hereditary and constitutional 
the 


rr 4 
The two sessions on 


tumorous 
growth. Wednes- 
day will be concerned with the induction, 
stimulation and tumors. 
This will involve a consideration of the 
carcinogenic substances, the relationship 


factors to occurrence of 


inhibition of 


of the sex hormones and the significance 
of viruses and of inhibitory substances 
to the etiology and development of tu- 
mors. On Thursday morning tissue cul- 
ture work in connection with cancer will 
be discussed and the metabolism of ean- 


cerous tissue will be considered In ad 
dition to these sessions, there will be two 
general lectures, one on Thursday after 
noon and one on Friday, which will take 
up certain more general aspects of the 


cancer problem The section is anxious 


to make this as worth while a symposium 
as possible and has brought together the 
leaders in the various fields. In so 
it hopes that it will call attention to the 
fundamental work that is going on in this 
country in the investigation of this seri 
ous problem and will afford an oppor 
tunity for an authoritative survey of the 
actual status of this field 

The two general papers will be given 
by Dr. C. C. Little, of the Roseoe B. Jack 
son Memorial Laboratory, and Dr. Wa 
ter Schiller, of the University of Vi 
Dr. Little will present a general lecture 
for not only Section N but for the entire 
association at 4:30 on Thursday and his 
subject will be on the social significance 

Dr. Schiller will 
Friday 


of cancer. lecture at 


4:30 on changes 


afternoon on 
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and modifications in the conception of 
carcinoma. It may also be mentioned 
that the American Society for the Con- 
trol of Cancer has been invited by the 
association to hold an exhibit on various 
aspects of the social control of cancer. 

In addition to the cancer symposium 
the Medical Sciences Section is planning 
to hold a joint session with the pharmacy 
subsection on Monday afternoon, and the 
general session for the presentation of 
general papers will be held on Friday 
morning. 

The association has been invited to 
hold the last day of the meetings on Sat- 
urday, January 2, at Philadelphia. Ac- 
cordingly, the Medical Sciences Section 


plans to hold one session on Saturday 
morning at 10:30 at the Philosophical 
Society in Philadelphia and has invited 
Dr. Wendell Stanley, of the Rockefeller 
Institute, Princeton, N. J., to give a lee- 
ture regarding the interesting and im- 
portant work that he has been doing on 
the tobacco mosaic virus which he has 
succeeded in erystallizing. The after- 
noon will be devoted to visiting the vari- 
ous medical scientific laboratories in 
Philadelphia. 
VINCENT DU VIGNEAUD, 
Secretary of Section N 
MEDICAL SCHOOL, 
GEORGE WASHINGTON UNIVERSITY 


AWARD OF THE NOBEL PRIZE IN PHYSICS TO VICTOR F. HESS 
AND CARL D. ANDERSON 


Every informed physicist will acclaim 
the award of the Nobel Prize in physies 
to Victor F. Hess; for after a decision 
had been made that the first significant 
work in the field of cosmic rays was to 
be honored by a Nobel Prize there was 
certainly no living person who could for 
a moment be considered for that award 
except Dr. Hess. The Swiss, Gockel ; the 
Austrian, Hess; and the German, Kol- 
hérster, were undoubtedly the three per- 
sons who opened up this field. Their 
early work was done from 1910 to 1914, 
and no other particularly important 
work of this sort appeared until about 
a decade later, when the modern era of 
cosmic ray research was ushered in. 
Gockel died about a decade ago, and 
Kolhérster’s important work definitely 
followed that of Hess. I can not tell the 
story of that early work more accurately 
or more interestingly than through the 
following quotations from ‘‘ Electrons 
(+ and —), Protons, Photons, Neutrons, 
and Cosmic Rays,’’ published in 1935: 

“‘Up to 1910 not a trace of evidence 
had appeared for the existence of any 
rays of a penetrating power greater than 
that of the gamma rays of radium and 


1 Tiniversity of Chicago Press. 


thorium. Indeed, all the work that had 
been done prior to 1910, even on rays 
capable of discharging electroscopes 
through metal walls centimeters or even 
inches thick, was interpreted in terms of 
such earth rays, or of the radiations 
given off by the radioactive emanations 
getting from the earth into the lower 
atmosphere, and these are, in fact, re 
sponsible for much the greater part of 
the observed  electroscope-discharging 
effects found on the earth’s surface 
Also, prior to 1910, not a trace of evi 
dence had appeared that penetrating 
rays entered the earth from outside 
Such a hypothesis had not even beer 
seriously proposed. Apart from a pass 
ing suggestion of Richardson’s in 1906 
that electroscope-discharge effects ob 
served at the earth’s surface might pos 
sibly have something to do with solar 
influences—a suggestion quickly nega 
tived by the fact that these effects are 
as strong in night time as in daytime 

I can find no record of the existence any- 
where up to 1910 of any ideas even 
remotely related to those that are now 
associated with the term ‘‘cosmie rays.”’ 
Indeed, in 1909 all the work that had 
appeared in this field up to that date was 
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reviewed by Kurz and careful considera- 
tion given to each one of the only three 
possible origins of the observed electro- 


scope-discharging effects, namely (1) the 
earth, (2) the atmosphere, and (3) the 
regions beyond the atmosphere. The 


last two were definitely discarded and 
the conelusion drawn that there was not 
the slightest evidence for the existence 
of any penetrating rays other than those 
produced by radioactive substances in 
the earth—this with full knowledge, too, 
dwelt upon at length in this article, that 
half a mile of the earth’s atmosphere was 
sufficient to absorb all such radioactive 
radiations. 





VICTOR F. 


PROFESSOR OF PHYSICS, UNIVERSITY OF INNSBR 








HESS 


‘*When, therefore, in 


1910. the Swiss 


Gockel took an electroscope three differ 
ent times in a balloon to heights that 
reached 4,500 meters and found that its 
rate of discharge was there even hidghe) 


than on the earth. he 


something new and important 


had discovered 
hame \ 
that although there are penetrating 
that the 
indeed abundantly given off from prac 
tically all kinds of rocks and soils in th 
earth’s Kurz and the other 
workers prior to 1910 had rightly con 
cluded, yet there other 
abundant at high altitudes that come in 
from above originating either (2) in the 


rays 


do originate in earth and ars 


crust, as 


must be raus 
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DR. CARL D. 


ASSISTANT PROFESSOR OF PHYSICS, THE 


remoter regions of the atmosphere or 
else (3) coming in from outer space... . 

‘*The next year, 1911, Hess, after re- 
peating and checking Gockel’s experl- 
ments, extending them to 5,200 meters, 
and making them more quantitative, 
spoke in favor of a return to Kurz’ 
hypothesis No. 3, although at the same 
time suggesting the possibility of No. 2. 
He also pointed out the important fact 
that these discharging effects were ap- 
parently as strong in night time as in 
daytime. In 1913 and 1914 Kolhorster 
carried observations essentially like those 
of Gockel and Hess to 9,000 meters, and 
in interpreting his observed twelve- or 








ANDERSON 


CALIFORNIA INSTITUTE OF TECHNOLOGY. 


thirteen-fold increase in discharge rate 
at that height over that at sea level, 


favored hypothesis No. 3.”’ 

Dr. Hess has also been active in recent 
cosmic ray research, having contributed 
some of the most accurate work which 
has been thus far done in this field. 


That every informed physicist will 
also acclaim the award of the Nobel 
Prize in physics to Carl D. Anderson is 
quite as certain as is the case of the award 
to Victor Hess, for Anderson’s discovery 
o& the free positive electron is certainly 
one of as fundamental and far-reaching 
a character as has been made for years. 
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Why it is fundamental, I have described 
in the before-mentioned book in the fol- 
lowing words: 

‘*Prior to the night of August 2, 1932, 
the fundamental building-stones of the 
physical world had been universally sup- 
posed to be simply protons and negative 
electrons. Out of these two primordial 
entities all of the ninety-two elements 
had been formed. The proton was itself 
the positive unit of charge, or the posi- 
tive electron, exactly like the negative 
unit 
cerned, but by its very nature different 
from the negative unit in that it was 
always associated with a mass 1,834 times 
that of the rest-mass of the negative elec- 
tron. Thus, we assumed an intrinsic 
difference between the natures of posi- 
tive and negative electricity, and ex- 
plained the fact that not only was the 
whole positive charge of an atom concen- 


so far as charge alone was con- 


trated in its nucleus, but also practically 
the whole of its mass as well. To fit all 
this into the electro-magnetic theory of 
the origin of most of us, in 
view of J. J. Thomson’s famous equation 
for the 


mass, 


mass of a charge, 


Se? 


spherical 


namely m conceived the positive 


oa 


unit of charge as having a radius a 
only of the radius of the negative 


1834 
unit, as this equation seemed to require. 
‘A cosmic-ray photograph taken in 
the Norman Bridge Laboratory on the 
afternoon of August 2, 1932, put a stop 
to our complacency with the foregoing 
picture. Carl D. Anderson had taken 
the photograph and developed the film. 
He at once realized its importance, and, 
with Seth Neddermeyer, spent the whole 
night trying in vain to see if there were 


CENTENNIAL CELEBRATION OF 

A HUNDRED years ago the present Amer- 

ican patent system came into existence, 

and during the century more than 2,000,- 
000 patents were granted. 

A one-day celebration of this anniver- 
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not some way of looking at it that would 
It could not 
The photograph revealed in 


save the old point of view. 
be done! 


dubitably the track of a free positive 


electron having precisely the properties 
of the free negative electron, save for the 
sign of its charge—not at all the proper 
The name of the 


ties of the proton pro 


ton might still remain, but its character 


tselt 


had changed, for it was no longer 


the ultimate positive entity. A cosmic 


ray had apparently picked off from it the 


disembodied positive unit of electrical 


charge, the identical twin of the free 
negative electron.”’ 
Dr. Anderson, too, though a _ very 


young man, has had other notable accom 
plishments in addition to the discovery 
of the positive electron. He is largely) 
responsible for the initiation of the whole 
group of researches, now of world-wide 
extent, by 
rays were made directly and accurately 
He and Neddermeyer were 
the first to prove by direet phot 
that a 
upon the nucleus of an atom produces 


which the energies of cosmic 
measurable. 
wraphy 
photon 


gamma ray impinging 


through that impact a positive-negative 


electron pair. He and Neddermeye 
have also been the first to demonstrate 
that pair formation is not the sole mecha 


nism determining the absorption by the 
nucleus of an atom of high energy pli 

tons or electrons 
the case of both Hess and Anderson, that 


the Nobel Prize was specifically awarded 


But it IS probabl in 


because each was the earliest living ex 
perimenter in the initiation of a new field 
of physical knowledge, for, as indicated 
above, the Nobel C 
eral tried to tie its award to 
particular notable accomplishment 
Ropert A. MILLIKAN 


ommittee has in gen 


some one 


THE AMERICAN PATENT SYSTEM 


sary was held on November 23 in Wash 
ington under the auspices of a national 
committee headed by Dr. Charles F 
Kettering. 

An honor roll of 12 of the greatest de 
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ceased American inventors, a new type 
of scientific demonstration which brought 
the techniques of the stage, radio and 
screen to the aid of science in describing 
new discoveries, and a banquet consisting 
entirely of patent foods, for which the 
guests received licenses instead of tickets 
were the highlights of the program. 

The morning sessions were held in the 
building of the National Academy of 
Sciences and the National Research Coun- 
ell. Four speakers reviewed the past, the 
present and the future of the present 
patent system. Dr. Harrison E. Howe, 
editor of Industrial and Engineering 
Chemistry, ‘*Importance of 
Inventions to Civilization’’; Honorable 
Thomas Ewing, New York City, ‘*The 
American Patent System’’; Dean Dexter 
S. Kimball, College of Engineering, Cor- 
nell University, ‘‘The Great Inventions 
of the Century’’; Dr. Robert E. Wilson, 
vice-chairman, Pan American Petroleum 
‘Looking To- 


discussed 


and Transport Company, 
ward the Future of Invention.’’ 

The ‘*Research Parade,’’ planned by 
Watson Davis, director of Science Ser- 
vice and chairman of the program com- 
mittee of the Centennial, was presented 
in the afternoon. The newest develop- 
ments of scientific research were demon- 
strated in quick-moving, dramatic fash- 


ion. Using the technique of the news 
reels and radio an off-stage voice carried 
the continuity between the various 


demonstrations. The auditorium was 
darkened and spotlights focused atten- 
tion on the quick-tempeed demonstration. 
Musie was provided by the phonographie 
attachment of the world’s most powerful 
50-tube radio set. The program was a 
departure from the more orthodox type 
of science presentation. 

New fields of 
ineluded: Television’s electron tube ap- 
plied to the microscope ; polarized light 


research demonstrated 


and polarizing material which prevents 
blinding headlight glare in night driv- 
ing ; Supersonics, sounds beyond the limit 
of hearing; lignin, the enigma of the 
forest; super-hard glass and the produe- 


tion of glass textiles; the production of 


synthetic rubber-like materials having 
properties excelling those of natural rub 
ber: the effectiveness of the body ’s glands 
as shown in animal experiments; solar 
power; new methods of electrical! power 
transmission, and the testing of silk stock 
ings by National Bureau of Standards 
scientists. To demonstrate how much 
clothing and adornment owe to research 
science, the ‘‘Maid of Seience’’ 
the 

that not 
could have had a few decades ago 

In the auditorium of the Department 


of Commerce there was dedicated a bust 


and 


joined Research Parade, modeling 


raiment even ruling queens 


of Thomas Jefferson, who in the early 


; 


the founding of 


days immediately after 


the United States was vitally interested 


in the situation and influenced 


greatly its subsequent development which 


patent 
led to the legislation in 1836 founding 
the present patent system 
Throughout the day in the 
of the Department of Labor there were 


auditorium 


industrial 


the 


selected group of 


shown a 
motion pictures illustrating throug] 
sound motion the 


medium of pictures 


steps in the production of the products 
of America’s leading industries 


A special exhibit in the Rare Books 


Division of the Library of Congress 
showed seldom seen books and manu 
scripts pertinent to the Patent Centen 
nial. Included in this material was a 
lecture given by Abraham Lincoln on 
‘*Science and Invention,’’ which is not 
found among his published works; also 
a prediction made early in the nineteent] 
century by Oliver Evans—the first man 


in Ame rica 


; 


on the future of railroad transportation: 


to build a steam < motive 


and a rare manuscript written by Charles 


Goodyear, the discoverer of the process 
for vuleanizing rubber, in which it pre 
dicted the future uses of rubber. Rubber 
money was among the uses for the then 
new material which the enthusiastic 


Goodyear envisioned in the 1840's 
The culmination of the Patent ¢ 
nial was the banquet at the Hotel May 


‘enten 
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flower, which consisted entirely of pat- 
ented foods. The guests at this dinner 
received tickets that were licenses, to eat 
the food prepared, from the companies 
holding the patents on the food products. 
From the lobster meat cocktails to the 
demi-tasse and patented cigars and ciga- 
rettes, the dinner exemplified the achieve- 
ments of science and invention which 
have made it possible to prepare an entire 
meal without thought of season, distance 
and climate. 

The dinner was accompanied by pag- 
eantry of past and future. A erystal- 
gazing ball of patented material was used 
for foretelling the progress to come, and 
out of the past by means of the phono- 
graph of his own invention came the 
voice of Thomas Alva Edison. The con- 
trast between the old and the new was 
exemplified also by the music at the ban- 
quet, provided by a melodeon, vintage 
1840, and the newest type of patented 
Hammond electrical organ, which dupli- 
eates in tone and excels in volume the 
largest pipe organ. 

The contrast between the past and the 
present was further demonstrated by the 
special display of the most modern light- 
ing, installed in the ballroom. where the 
dinner was held. At the beginning of 
the dinner the entire illumination was 
provided by candles as fitting for the era 
of 1836. Then as the toastmaster, Dr 
Kettering, waved his hand through the 
beam of a photoelectric cell the intensity 
of the special illumination at the banquet 
was increased until its magnitude ex- 
celled that ever used within four walls. 
Swelling in volume, with the amazing 
display of lights, were tones of the elec- 
tric organ until the sound intensity was 


just below the volume which the human 
ear can tolerate. 

It is estimated by electrical engineers 
that the electric power required for the 
lighting demonstration was sufficient to 
supply the current requirements of the 
rest of the hotel with its electric motors, 
elevators, lighting and large air condi- 
tioning system. 

In the broadcast program following 
the dinner, Commissioner of Patents 
Conway P. Coe read the honor roll of 
the 12 greatest deceased American in- 
ventors. 

Using one of the two original Morse 
telegraph receivers loaned especially for 
the occasion by Cornell University, Dr. 
Kettering received in the banquet hall 
the original Morse message, ‘‘ What Hath 
God Wrought,’’ sent over its original 
route from Baltimore to Washington. 
Scene of the transmission in Baltimore 
was the old Baltimore & Ohio Station, 
which was used in the original demon- 
stration of the great communications in- 
vention. 

From high overhead in a modern trans- 
port airliner came a short wave broadcast 
honoring the inventors of the century. 

Secretary of Commerce Daniel C 
Roper discussed the highly important 
place of the present patent system in 
the material industrial progress of the 
nation. 

The dinner and ceremonies were fol- 
lowed by a dance sponsored by the Patent 
Office Society; in other cities dinners 
and meetings of patent lawyers were held 
on the same evening. 

Watson Davis, 
Director 
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Adventure Shop of Anthony Fiala 


Complete Equipment for 
Explorers, Scientists, Engineers, Hunters and Travelers 








We have Equipped many Expeditions from the Poles to the Equator 


Some of these exploring parties we equipped with practically every 
thing they needed from engineering instruments to rifles, ammunition and 
food. Our tents, made of Equatorial Waterproof Cloth, have stood the sun 
of the tropics and the freezing blasts of the Polar regions. 


Let us furnish estimates—write us your wants. 
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Made of tested materials. Its construction will appeal to laboratories desiring the best equipment. The Bakelite 
pan is unaffected by practically any substance that can come in contact with it; the tool steel knife edge and 
agate bearing will give long life and accuracy. 

Finest Quality :: Extreme Sensitivity :: Compact :: Convenient 


Weighs to one decimal point farther than the usual low-priced counter scales and serves every laboratory purpose 


short of precise analysis. No 00 
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FIALA OUTFITS, Inc. 


ANTHONY FIALA, Pres. 


10 Warren Street, New York City 
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Lucas, Howard J. 
American Book Co. $3.60. 

MacDougall, F. H. 
Macmillan. $4.00. 

McAlpine, Roy K., and Soule, Byron A. Funda- 
mentals of Qualitative Chemical Analysis. 325p. 
Van Nostrand. $2.40. 

McKay, R. J., and Worthington, R. Corrosion 
Resistance of Metals and Alloys. A.C.S. Mono. 
No. 71. 492p. Reinhold. $7.00. 

Mathews, A. P. Fundamentals of Biochemistry. 
512p. Williams & Wilkins. $4.50. 

Mattice, Marjorie R. Chemical Procedures for 
oi Laboratories. 520p. Lea & Febiger. 
6.50. 

Millard, E. B. Physical Chemistry for Colleges. 
4th ed. 524p. MeGraw-Hill. $3.75. 

Meldrum, William B., and Guecker, Frank T., Jr. 
An Introduction to Theoretical Chemistry. 628p. 
American Book Co. $3.50. 

Oppenheimer, C. Einfuehrung in die allgemeine 
Biochemie. 221p. Westermann. $5.60. 

Phelan, J. W., and Davis, A. R.; Hougen, C. A., 
and Watson, K. M. Industrial Chemical Calcu 
lations. 487p. Wiley. $4.50. 

Plotnikow, J. Allgemeine Photochemie. 2nd ed. 
909p. Westermann. $9.00. 

Poucher, Wm. H. Perfumes, Cosmetics and Soaps, 
Vol. I—Dictionary of Raw Materials. 440p. 
$8.80; Vol. Il—Production, Manufacture and 
Application of Perfumes of All Types. 426p. 
$8.00; Vol. I1I—Treatise on Cosmetics. 228p. 
$7.00. Van Nostrand. 

Quinn, E. L., and Jones, C. L. Carbon Dioxide. 
A.C.S. Mono. No. 72. 285p. Reinhold. $7.50. 

The Research Laboratories of the International 
Printing Ink Corp. Monographs on Color, Vol. 
I, Color Chemistry. 18p. Vol. Il, Color as 
Light. 2lip. Vol. III, Color in Use. 29p._ In- 
ternational Printing Ink Corp. $10.00 a set. 

Rogers, Charles H — Pharmaceutical 
Chemistry. 2nd _ ed. 24p. Lea & Febiger. 
$7.00. 

Ware, J. C. Chemistry of the Colloidal State. 
3234p. Wiley. $3.75 

Waters, William A. Physical Aspects of Organic 
Chemistry. 50lp. Van Nostrand. $9.50. 

Webb, Thomas Jefferson. Elementary Principles 
of Physical Chemistry. 344p. Appleton-Cen- 
tury. $4.00. 

Weidlein, E. R., and Hamor, W. A. Glances at 
Industrial Research. 238p. Reinhold. $2.75. 

Weiser, Harry (editor). 1935 Colloid Symposium. 
Williams & Wilkins. $3.00. 

West, C. J. Annual Survey of American Chem- 
istry, Vol. 10 (current). 488p. Reinhold. $5.00. 

Wyckoff, R. W. G. A Supplementary and Com- 
panion Text to the Second Edition of the Struc- 
ture of Crystals (1930-1934). A.C.S. Mono. 
No. 19A. 256p. Reinhold. $6.00. 

EDUCATION 

Clapp, F. L., Chase, W. J., and Merriman, C. In 
troduction to Education. New ed. 569p. Ginn. 
$3.00. 


Cook, D. H. Minimum Essentials of Statistics. 
271p. Macmillan. $2.75 


DaGrosa. Functional Football. 323p. Saunders. 
$3.00. 
Driver. Tennis for Teachers. 1191p. Saunders. 
$2.50 


Dougherty, J. H., Gorman, F. H., Phillips, C. A. 
Elementary School Organization and Manage- 
ment. 453p. Macmillan. $2.: 

Duggan, Stephen. A Student’s. “Textbook in the 
History of Education. 2nd rev. ed. 386p. 
Appleton-Century. $2.00. 

Furbay, J. H. A Workbook for Observation in 
Practice Teaching. 261p. Macmillan. Paper. 
$1.50. 

Lowth, F. J. Everyday Problems of the Country 
Teacher. Rev. 625p. Macmillan. $2.25. 

Mayhew, Katherine Camp, and Edwards, Anna 


Camp. The Dewey School. 489p. Appleton- 
Century. $2.50. i 
Norton, J. K., and Norton, M. A. Foundations 


of Curriculum Building. 599p. Ginn. $3.00. 

Patterson, Choate and Brunner. 
American Society. 570p. 
book Co. $3.00. 


The School in 
International Text- 


Organic Chemistry. 692p. 


Physical Chemistry. 721p. 


Rivlin, Harry N. Education for Adjustment 
418p. Appleton-Century. $2.25. 

Rugg, H. American Life and the School Curricu- 
lum. 4711p. Ginn. 2.60. 

Schorling, Raleigh, and McClusky, Howard Y. 
Education and Social Trends. 154p. World 
Book Co. $1.32. 


Tippett, J. S., and others. Schools for a Growing 


Democracy. 338p. Ginn. $2.00. 

Trelease and Yule. Preparation of Scientific and 
Technical Papers. 3rd ed. 125p. Williams & 
Wilkins. $1.50. 

Williams and Hughes. Athletics in Education. 
2nd ed. 472p. Saunders. $3.50. 


ENGINEERING 


Agatz, A. Der Kampf des Ingenieurs gegen Erde 
u. Wasser im Grundbau. 276p. Westermann. 
$7.90. 

Berg, E. J. Heaviside’s Operational Calculus. 
256p. MeGraw-Hill. $3.00. 

Boericke, W. F. Prospecting and oun ating Small 
Gold Placers. 144p. Wiley. $1.! 

Boylston, H. M. Introduction to ihe Metallurgy 
of Iron and Steel. 563p. Wiley. $5.00. 

Brown, N. C. Logging-Transportation 327p. 
Wiley. $4.00. 

Campbell, H. L. Metal Castings. 318p. Wiley. 
$3.00. 

Caughey, Robert A. Reinforced Concrete, ae 
ies and Design. 289p. Van Nostrand. { 

Dennison, B. C. Electrical Laboratory Experi 
ments. 487p. Wiley. $4.00 

Domonoske, A. B., and Finch, V. C. Aircraft En 
gines, Theory, Analysis, Design and Operation. 
342p. Wiley. $3.75. 

Drinker, P., and Hatch, T. Industrial Dust. 316p. 
McGraw-Hill. $4.00. 

Esbach, O. W. Handbook of Engineering Funda 
mentals. 1081p. Wiley. $5.00. 

Folwell, A. P. Sewerage. 412p. Wiley. $4.50. 

Franzius, Otto (translated by L. G. Straub). 
Waterway Engineering. 527p. The Technology 
Press. $7.00. 

Fuller, Almon H., and Kerekes, Frank. Analysis 
and Design of Steel Structures. 627p. Van 
Nostrand. $5.00. 

Giesecke, F. E., Mitchell, A., and Spencer, H. C. 
Technical Drawing. 564p. Macmillan. $3.00 

Giesecke, F. E., Mitchell, A., and Spencer, H. C 
Technical Drawing Problems. 4p. Macmillan. 
Paper. $1.40. 

Glasgow, R. S. Principles of Radio Engineering. 
520p. MeGraw-Hill. $4.00. 

Greene, A. M., Jr. Principles of Heating, Venti 
hating and Air Conditioning. 446p. Wiley. 
$4.50. 

Grinter. Theory of Modern Steel Structures. 
App. 300p. Macmillan. Tentatively priced at 
$4.00. 

Hardenbergh. Sewerage and Sewage Tre atment. 
396p. International Textbook Co. $3.50. 

Harris, C. W. Hydraulics. 220p. Wiley. $2.75. 

Harwood, P. B. Control of Electric Motors. 390p. 
Wiley. $4.50. 

Herring, J. M., and Gross, G. C. Telecommunica- 
tions. 540p. McGraw-Hill. $5.00. 

Hersey, M. D. Theory of Lubrication. 152p. 
Wiley. $2.50. 

Hoelscher, R. P. Guide to the Study of Engineer- 
ing oeading. 22p. Wiley. $.25. 

Hopkins, E. S. Water Purification Control. 184p. 
Williams & Wilkins. $1.75. 

Jones, B. Elements of Practical Aerodynamics. 
398p. Wiley. $3.75. 

Judge, Arthur W. Maintenance of High Speed 
Diesel Engines. 186p. Van Nostrand. $3.50. 
Keenan, J. H., and Keyes, F. G. Thermodynamic 

Properties of Steam. S87p. Wiley. $2.75. 

Kent, R. T. Mechanical Engineers’ Handbook. 
Vol. I, Power. 1283p. Wiley. $5.00. 

Kunerth, W. Textbook of Illumination. 276p. 
Wiley. $3.00. 

Ladper, A. W., and Stoner, C. R. Short Wave 

ireless Communications. 453p. Wiley. $4.50. 

Lichty, L. C. Thermodynamics. 28lp. MceGraw- 
Hill. $3.00. 

MacGregor-Morris, J. T., and Henley, J. A. Cath- 
ode Ray Oscillography. 250p. Rimbach. $6.00. 
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See These New Booxs at 
The Williams & Wilkins Booth 


Applied Dietetics, by FraNces Stern, The Boston Dispensary xxi + 263 
pp., 52 tables $3.50 

An up-to-date book on applied dietetics which is the outgrowth of the author’s 
own years of experience in teaching and in handling patients 


The Preparation of Scientific and Technical Papers; 3rd edition, by Tri 
LEASE and YULE $1.50 


A new and thoroughly revised edition of a well established handbook for authors 
of scientific papers and books. 


Elementary General Psychology, by Samvuet, Fernpercer, University of 
Pennsylvania. xi +445 pp., 120 figures $3.00 

A new textbook in elementary psychology for colleges, and teachers training 
schools by one of the leading university teachers of psychology 


British Masters of Medicine, by Sir D’Arcy Power. xv+ 242 pp., 33 
illustrations $3.00 

Biographical sketches of British Masters of Medicine by one of the greatest 
living authorities on medical history. 


Bailey’s Histology; %h edition, revised by Puitip E. Smiru and Associates, 


College of Physicians & Surgeons, Columbia University. xiv +773 pp. Copiously 
illustrated $6.00 

Here one of the best known standard texts on histology has been completely 
revised by a group of prominent authorities. Many new illustrations, including 


several color plates. 
Principles of Bacteriology and Immunity, 2nd edition, by TopLey and 
Witson. xv + 1645 pp. $12.00 
Recognized universally as perhaps the best single work on medical bacteriology 
Now available in one volume. 


Pascal, by Morris Bisnop. x + 398 pp. $3.50 


A popular biography of an outstanding man of science, a genius whose contribu 


tions were astounding. 


Ask About This NEW BOOK 


to Appear in January 
Handmaiden of The Sciences, by Eric Tempre Bev $2.00 
A new work by the author of Queen of the Sciences; Before The Dawn; The 
Search For Truth. 


The WILLIAMS & WILKINS Company 


Publishers of Scientific Books and Periodicals 


BALTIMORE, MARYLAND 
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MeArthur, E. D. Electronics and Electron Tubes, 
173p. Wiley. $2.50 

McLachlan, N. w. The New Acoustics, A Survey 
of Modern Development in Acoustical Engineer- 
ing. 168p. Oxford Univ. Press. $2.75. 

Moore, H. F. Textbook of the Materials of Engi 
neering. Sth ed. 419p. McGraw-Hill. $4.00. 

Moyer, J. A., and Wostrel, J. F. Radio Receiving 
and Television Tubes. 635p. MeGraw-Hill. 
$4.00. 

Nelson, W. L. Petroleum Refinery Engineering. 
6447p. MeGraw-Hill. 6.00. 

Orchard, F rederic k Charles. Mereury Are Rectifier 
Practice. 235p. Rimbach. $5.00. 

Parcel, J. L, and Maney, G. A. Treatise on Stati- 
cally Indeterminate Stresses. 4532p. Wiley 
$5.00. 

Paull, James H., and Sgro, Charles L. 
Mechanical Drawing 204p. Van 
$1.50. 

Peabody, D., Jr. Design of Reinforced Concrete 
Structures. 457p. Wiley. $4.00. 

Pender, H., and Del Mar, W. Electrical E ngineers’ 
Handbook. Vol. I, Electric Power. 1312p. 
$6.00; Vol. II, Communications and Llectronics. 
1022p. $5.00 Wiley. 

Puchstein, A. F., and Lloyd, T. C. Alternating 
Current Machines. 582p. Wiley. , $5.00 

Ramsey, C. G., and Sleeper, H. R. Architectural 
Graphic Standards. 2584p. Wiley. 86.00. 

Rimbach, Richard. How to Find Metallurgical 
Information. 32p. Rimbach. $1.00. 

Sarsfield, L. G. Electrical Engineering in Radi 
ology. 276p. Rimbach. $6.00. 

Schumann, Charles H. Lettering Practice Layouts. 
Van Nostrand. §$.90. 

Searles, W. H., and Ives, H. C. Field Engineer- 
ing, Text and Tables. Vol. I, Text, 366p.; Vol. 
II, Tables, 403p. Wiley $2.50 each. 

Slaymaker, Philip K. ‘Ele mentary Mechanism. 
18ip. Van Nostrand. $2.25. 

Snell, Foster D. Colorimetric Methods of Analy- 
sis. 766p. Van Nostrand. $9.50 

Southwell, R. V. Introduction to the Theory of 
Elasticity for Engineers and Physicists. 520p. 
Oxford Univ. Press. $10.00. 

Svensen, Carl L., Schumann, Charles H., and 
Street, Wm. E. Drafting Problem Layouts. 
Van Nostrand. $2.00. 

Terry, E. M., and Wahlin, H. B. Advanced Labo- 
ratory Practice in Electricity and Magnetism. 
318p. MeGraw Hill. $3.00. 

Timoshenko, Theory of Elastic Stability. 400p. 
MeGraw till. $6.00 

Warner, E. P Airplane Design, Vol. I, Per- 
formance. 650p. McGraw-Hill. $6.00 


Applied 
Nostrand, 


GENERAL SCIENCE 

Abbott, C. G.; secretary. Smithsonian Annual 
Report (Year ending June 30). 1935. 5S80p. 
Smithsonian Institution. 

American Scholar, The A quarterly magazine 
edited by William A. Shimer. $2.00 a year 
Phi Beta Kappa 

Andrade, E. N. da C. More Simple Science. 352p. 
Harper & Bros. $2.50 

Annual Report and two bulletins: Publications of 
the Bureau of American Ethnology. 203p. 
Smithsonian Institution. 

Blount, R. E. Science of Everyday Health. 444p. 
Allyn & Bacon. $1.20. 

Boyer, Clark, Gordon, Shilling. A Learning Guide 
in General Science, ninth yr. 225p. Lyons & 
Carnahan. $.68. 

Brewster, Wm. October Farm (Ornithology). 
250p. Harvard Univ. Press. $2.50. 

Caldwell, O. W., and Curtis, F. D. Science for 
Today. 7768p. Ginn. $1.68. (Workbook and 
Tests available.) 

Carpenter, H. A., and Miller, H. H. Objective 
Tests in General Science I. 88p. $.20; II. 
136p. $.30. Allyn & Bacon. 

Chalfant, W. A. Death Valley: The Facts. 180p. 
Stanford Univ. Press. $2.75. 

Chase, Carl T. Frontiers of Science. 
Nostrand. $3.75. 


352p. Van 


Crowther, J. Men of Science. 332p. Norton. 
$3.50. 

Crowther, J. G. Soviet Science. 342p. Dutton. 
$4.00. 


SCIENCE 


LIBRARY 


DeSoto, Clinton B. Two Hundred Meters and 
Down; The Story of Amateur Radio. 184p. 
American Radio Relay League. $1.00. 

Furnas, C. C. The Next Hundred Years. 434p. 
Williams & Wilkins. 3.00. 

Headquarters Staff of the American Radio Relay 
League. The Radio Amateur’s Handbook. 544p. 
American Radio Relay League. $1.00. 

Jastrow, Joseph (editor). The Story of , Bamas 
Error. 445p. <Appleton-Century. &3.5( 

Papers of the Michigan Academy of Science, Arts 
and Letters. Vol. XXI. 7757p. Univ. of Michi- 
gan Press. $4.00. 

Parkins, A. E., and Whitaker, J. R. Our Natural 
Resources and Their Conservation. 650p. Wiley. 
$5.00. 

Puxley, W. Lavillin. Deep Seas and Lonely Shores. 
2177p. Dutton, $2.50. 

Sarton, G. The Study of the History of Mathe- 
matics. 24p. Harvard Univ. Press. $1.50. 
Sarton, G. The Study of the History of Science. 

S8p. Harvard Univ, Press. $1.50. 

Shop Notes for 1937. 224p. Popular Mechanics 
Magazine. &.50. 

Special Publication, Explorations and Field-Work 
of the Smithsonian Institution in 1935. 80p 
Smithsonian Institution. 

Tilden, Sir Wm. Chemical Discovery and Inven 
tion in the 20th Century. 492p. Dutton. $4.00. 

Twenty Articles by various authors: Publications 
of the United States National Museum. 4131p 
Smithsonian Institution. 

Twenty-four separate contributions by various 
authors varying from 4 to 102 pages: Smith 
sonian Miscellaneous Collections Smithsonian 
Institution. Price upon application 

Whitlock, Herbert P. The Story of Gems 206p 
Lee Furman. $3.50. 


GEOLOGY AND GEOGRAPHY 


Allen, E. T., and Day, A. L. Hot Springs of the 
Yellowstone National ro 543p. Carnegie 
Institution of Wash. $5.2 

Alling, H. L Interpretative ‘Petreleay ‘ 
Rocks. 353p. McGraw-Hill. $4.00 

Ayres, Harry Morgan. Carroll’s Alice. Based on 
address at Lewis Carroll exhibition at Columbia 
University. Columbia Univ. Press. $2.00 

jarrows, Harlan H., and Parker, Edith P. Europe 
and Asia. 288p. Silver, Burdett. $1.44. 

Barrows, Harlan H., and Parker, Edith P. Jour 
neys in Distant Lands. 1174p. Silver, Burdett. 
$.96. 

Barrows, Harlan H., and Parker, Edith P. United 
States and Canada. 304p. Silver, Burdett 
$1.44. 

Bengtson, Nels A., and Van Royen, Willem. Funda 
mentals of Economic Geography. S802p Pren 
tice-Hall. $5.00; school price, $4.25. 

Bergsmark, Daniel R. Economic Geography of 
Asia. 618p. Prentice-Hall. $5.00 ; 
price, $3.50. 

Carlson, Fred A. Geography of Latin America 
609p. Prentice-Hall. $5.00; school price, $4.00 

Cloos, H. Einfuehrung in die Geologie 503p 
Westermann. $7.20. 

Croneis and Krumbein. Down to Earth 480p 
Univ. of Chicago Press. $3.75. 

English, G. L. Getting Acquainted with Minerals. 
324p. MeGraw-Hill. $2.50. 

Epstein, A.- Alloys of Iron and Carbon, Vol. I, 
Constitution. 441p. MeGraw-Hill. $5.00. 

Finch, V. C., and Trewartha, G. T. Elements of 
Geography. 782p. McGraw-Hill. $4.00. 

Heck, N. H. Earthquakes. 234p. Princeton Univ. 
Press. $3.50. 

Kraus, E. H., Hunt, W. F., and Ramsdell, L. S. 
Mineralology. srd_ ed. 638p. McGraw-Hill. 
$5.00. 

Macelwane, J. B. 
Geodynamics. 

Mersereau, S. F. 
McGraw-Hill. $2.00. 

Nevin, C. M. Principles of Structural Geology. 
348p. Wiley. $3.50. > 

Peattie, Roderick. Mountain Geography. 250p. 


f Igneous 


school 


Theoretical Seismology, Part I, 
— Wiley. $6.00. 
y's of Industry. 5411p. 


Harvard Univ. Press. $4.00 
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TELEVISION 


A GUIDE FOR THE AMATEUR 
By Sipney A. Mosevey and Hersert McKay $2.00 


6 Kceetiresces today occupies the exciting position held by radio a few years ago. Just 
emerging from the mysteries of the laboratory, where scientists have been investigat- 
ing the problem for the past several years, it is attracting the universal attention of the 
public. The regular broadcasts being made now in New York and London can reach 
over 25,000,000 people, but many difficulties are still being worked out. TELEVISION, 
the new book by Moseley and McKay, will bring you up to date on the history of this 
fascinating subject, the most recent developments and most modern equipment, and the 
possibilities of the future. 

A book of parallel interest is THE NEW ACOUSTICS: A Survey of Modern Develop 
ment in Acoustical Engineering, by N. W. McLachlan ($2.75). Here the well-known 
acoustical authority, author of Elements of Loud Speaker Practice ($1.75) and Noise 
A Com prehensive Survey from Every Point of View ($2.25), surveys the phenomenal 
progress of acoustical science, explaining in a non-mathematical, highly readable style the 
development of radio, gramophones, sound-films, deaf-aids, and auditorium acoustics 


OXFORD UNIVERSITY PRESS 


114 Fifth Ave. New York 














Eleven interesting volumes of 


Popular Science Talks ... 


DELIGHTFUL READING @ INSTRUCTIVE INFORMATION 


® Kach volume contains a series of interesting talks by scient 
educators on topics of scientific nature and in an easily read 
stvle. Ineluding subjects such as 


Triumphs of Surgery. Eating in all Languages. Story of 
Abrasives. The Air We Breathe. Silver Threads Among 
the Gold. Platinum, Versatile Element. Food and the 
Cook’s Kettle. Water, Life Blood of the World. Spinning 
Tops. The Chemist as a Detective. The Cosmic Urge. 
Colloids. Vitamins. Hormones. 


All volumes are $1, postpaid. Send for descriptive booklet SM 


The American Journal of Pharmacy 


The Oldest American Scientific Journal. Published by the 


PHILADELPHIA COLLEGE OF PHARMACY AND SCIENCE 


Founded 1821, 43rd. St., Woodland and Kingsessing Aves., Philadelphia, Pa. 











Ries, H., and Watson, T. M. Engineering Geology. 
750p. Wiley. $5.00. 

Robinson. Voyage to Galapagos. Harcourt, Brace. 
$3.00. 

Rogers, Frances, and Beard, Alice. Fresh and 
briny. 3S00p. (Juvenile). Stokes. $2.00 
Schwartz, George M. Geology of the Minneapolis- 
St. Paul Metropolitan Area. 268p. Univ. of 

Minnesota Press. $3.50 

Schwinner, R. Lehrbuch der physikalischen Ge- 
ologie, Vol. I. 356 p. Westermann, $4.80. 

Skogsberg, Tage. Amer. Philosophical Society, 
Transaction XXX, 1. Hydrography of Monterey 
Bay, California, Thermal Conditions, 1929-19353. 
(In press). Univ. of Pennsylvania Press. 

Stamp, L. Dudley. Asia; An Economie and Re- 
gional Geography. 3rd ed. rev. and enl. TO4p. 
Dutton. $8.00. 

Van Wert, L. R. An Introduction to Physical 
Metallurgy. 272p. MeGraw-Hill. $3.00. 

Various authors. National Geographic Magazine. 
Jan.—June, 1936, 848p., and July—Dec., 1936, 
850p. The National Geographic Society. $5.00 
each. 

White, C. Langdon, and Renner, George T. Geog- 
raphy, An Introduction to Human Ecology 
790p. Appleton-Century. $4.00. 

Willis, Bailey. East African Plateau and Rift 
Valleys. 368p. Carnegie Institution of Wash. 
$4.25. 


HISTORICAL AND PHILOLOGICAL SCIENCES 


Collins, R. W. A History of Medieval Civilization 
in Europe. 800p. Ginn. $3.50. 

Craigie, E. Horne (Translator). Life of Cajal. 
(In press). Univ. of Pennsylvania Tress. 
Amer. Philosophical Soc. Memoir VI. 

Earle, E. M., and Wuorinen, J. H. An Outline of 
Modern History, Vol. I (1500-1830). 88p; Vol. 
II (1830-1936). 126p. Macmillan. Paper. 
$.50 each. 

Ferchl-Suessenguth. Kurzgeschichte der Chemie. 
217p. Westermann. $4.50. 

Harden, Donald B. Roman Glass from Karanis 
Found by the University of Michigan Archaeo- 
logical Expedition in Egypt, 1924-29. 349p. 
Univ. of Michigan Press. $4.00. 

Hayes, C. J. H. Political and Cultural History 
of Modern Europe, Vol. Il. 1215p. Mac millan. 
$4.50. 

Langsam, W. C. The World Since 1914. 3rd ed. 
8S88p. Maemillan. $3.50. 

Muzzey, D. S. A History of Our Country. 854p. 
Ginn, $2.12. (Map Work and Study Guide 
with twenty-four tests available.) 

Serjeantson, Mary. A History of Foreign Words 
in English. 360p. Dutton. $6.00. 

Steiger, G. N. A History of the Far East. 929p. 
Ginn, $4.75. 

Violette, E. M. English Constitutional Documents 
Since 1832. 226p. Macmillan. $2.00. 

Viachos, N. P. Hellas and Hellenism. 428p. 
Ginn, $3.00. 

Wilke, Georg. Die Heilkunde in der Europaeischen 
Vorzeit. 418p. Westermann. $9.45 

Winther, Oscar O. Express and Stagecoach Days 
in California. 197p. Stanford Univ. Press. 


$2.25. 
MATHEMATICS 


Avery, R. A. Plane Geometry. New ed. 480p. 
Allyn & Bacon. $1.25. 

Breslich, E. R. Diagrams in Three Dimension for 
Solid Geometry. Orthovis. $2.00. 

Breslich and Stone. Trigonometry. 298p. Laid- 
law Bros. $1.60. 

Bubb, F. W. Descriptive Geometry Problem Book. 
12p. Paper. Macmillan. $1.75. 

Courant, R. Differential and Integral Calculus. 
Vol. 2. 684p. Stechert. $10.00. 

Davis, Harold The Theory of Linear Operators. 
628p. Principia. $8.00. 

Doherty, R. F., and Keller, E. G. Mathematics of 
Modern Engineering. Vol. IL 3114p. Wiley. 
$3.50. 

Dresden, Arnold. Invitation to Mathematics. 
453p. Holt. $2.80 

Edgerton, E. I. and Carpenter, P. A. 7eneral 
Mathematics. 432p. Allyn & Bacon. $1.40. 


SCIENCE LIBRARY 


Ford, Walter B. The Asymptotic Developments 
of Functions Defined by Maclaurin Series. 1453p. 
Univ. of Michigan. $2.00. 

Gaston, Julia. Introduction mathématique aux 
théories quantiques. 218p. Westermann. $3.60. 

Harding, A. M., and Mullins, G. W. College Alge- 
bra. Rev. 379p Macmillan. $2.25. 

Hart, W. L. Introduction to the Mathematics of 
Business. 408p. Heath. $2.60. 

Hedrick, E. R. (editor). Selected Mathematical 
Tables. 16p. Maemillan. Paper. $.25. 

Hill, M. A., Jr., and Linker, J. B. First Year 
College Mathematics. 5911p. Holt. $2.60 

Jansson, Martin W. Handbook of Applied Mathe- 
matics. 2nd ed. 1000p. Van Nostrand. $6.00. 

Kingsbury and Wallace. Second-Year Algebra. 
440p. The Bruce Publishing Company. $1.40. 

Levy, H., and Roth, L. Elements of Probability 
206p. Oxford Univ. Press. $5.00. 

Logsdon. A Mathematician Explains. 175p. 
Univ. of Chicago Press. $1.75. 

Mackey, C. O. Graphical Solutions. 130p. Wiley 
$2.50. 

McKelvey. Differential and Integral Calculus. 
App. 446p. Macemillan. Tentative price, $3.00 

Mueller, E., and Kruppa, E. Lehrbuch d. darstel 
lenden Geometrie. 3990p. Westermann. $6.60 

Nevanlinna, R. Einduetige analytische Funktionen. 
353p. Westermann. 58.80 

Rietz, H. L., Reilly, J. F., and Woods, R. Plane 
and Spherical Trigonometry. Rev. 253p. 
Macmillan. $2.00. 

Schorling, Raleigh, Clark, John R., and Smith, 
Rolland B. Modern. School Algebra; First 
Course. 464p. World Book Co. $1.36. 

Schorling, Raleigh, Clark, John R., and Smith, 
Rolland B. Modern School Mathematics: Book 
three. 462p. World Book Co. $1.24. 

Sisam, C. H. Analytic Geometry. 310p. Holt. 
$2.00. 

Slade, 8., and Margolis, L. Mathematics for Tech 
nical and Vocational Schools. 517p. Wiley. 

50. 

qhemeen, James E., and Cowles, Wm. H. Text 
book of Trigonometry. 373p. Van Nostrand. 
$2.50. 

Tornier, E. Wahrscheinlichkeitsrechnung 160p. 
Westermann. $3.60. 

Upton, Clifford B. Practical Algebra, Introductory 
Course. 4384p. American Book Co. $1.32. 


MEDICAL SCIENCES 


American Pharmaceutical Association. National 
Formulary. 6th ed. 564p. Mack $5.00. 
American Pharmaceutical Association. Pharma 
ceutical Recipe Book Il. 473p. Mack. $5.00. 
Anrep, G. V. Studies in Cardiovascular Regula 
tion, 118p. Stanford Univ. Press. $2.25. 
Auenbrugger’s On Percussion of the Chest, Being 
a translation of the original Treatise entitled, 
“Inventum novum ex percussione thoracis hu 
mani, ut signo abstrusos interni pectoris morbos 
detegendi.”” (Vienna, 1761). By John Forbes, 
M.D. (London, 1824). Introduction by Henry 
E. Sigerist. 3ip. In boards. Johns Hopkins 

Press. §&.75. 

Blanton, Dr. Smiley, and Blanton, Margaret Gray. 
For Stutterers. 191p. Appleton-Century. $2.00. 

Bolduan. Public Health and Hygiene. 2nd ed. 
312p. Saunders. $2.75. 

Boyd. Preventive Medicine. 5th ed. 561p. 
Saunders. $4.50. 

Bredereck, H. Vitamine und Hormone und ihre 
technische Darstellung. I. 1011p. Westermann. 
$1.80. 

Brekhus, P. J., and Armstrong, Wallace D. The 
Gnathodynamometer of the School of Dentistry, 
Univ. of Minnesota. 20p. Univ. of Minnesota 
Press. $.50. 

Brumpt, E. Précis de Parasitologie. 5th ed. Vol. 
I and Vol. II. 2139p. Westermann. $12.00. 
Burton-Opitz. Elementary Manual of Physiology. 

5th ed. 442p. Saunders. $2.50. 

Cannon, Walter B. Digestion and Health. 160p. 
Norton. $2.00. 

Cockefair, E. A., and Cockefair, A. M. Health and 
Aefievement. 528p. Ginn. $1.60. 

Cook, Sherburne F. Elementary Human Physiol- 
ogy. 539p. Harper & Bros. $3.50. 
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ECOLOGY 


Devoted to all Forms of Life in Relation to Environment 
Official Publication, Ecological Society of America 


Quarterly. $4.00 a year. Subscriptions begin with January issue 


GENETICS 


Bi-monthly. $6.00 a year. Subscriptions begin with January issue 








Brooklyn Botanic Garden 


MEMOIRS 


Volume IV. Fifteen papers on Twenty-five years of progress in Botany 
and Horticulture, 1910-1935. 133 pp. 2 text figs., 5 plates. Price, $1.35, 
post free. 


Orders should be placed with 


The Secretary, Brooklyn Botanic Garden 
1000 Washington Ave. Brooklyn, N. Y., U.S. A. 














The SECOND DIMEMSION of Algebra 


The numbers of algebra correspond to the points of geometry As an aggregate of geometr points 
forms a geometrical space so an aggregation of numbers forms an algebraic space Sle teal spac ke 
geometrical space, may be measured in dimensions 

Algebraic space is absolute, geometrical space is relative. Zero is the absolute reference point of algebrai: 
space. Any point, taken as origin, is the reference point of geometri al space 

Algebraic space is naturally polarized into positive and negative numbers. Geometric space is artificia 
polarized into positive and negative directions. 

Algebraic space is naturally oriented in first, second and third dimensions. Geometric space is artificia 
oriented in x, y and z dimensions. 

The numbers 1, 2, 3 and so on and the intervening fractions, 4%, ‘s, he und their negatives —1. —2 
correspond to the points of a straight line and constitute the first dimension of algebra 

The square root of minus one, with symbol i, is not a number of the first dimension of algebra The 
multiples of i, that is, il, i2, i3 and their intervening fractions i%, i%, i%4 and their opposites 9 
-i% constitute another dimension, the imaginary dimension of algebra 

Is this imaginary dimension the second dimension of algebra? No, logically, the imaginary numbers 
constitute the third, not the second, dimension of algebra. 

When the numbers of algebra are developed in logical order two real dimensions precede the imaginary 
dimension. 


The FIRST dimension of algebra is formed of the multiples and fractions of unity. This is the UNITARY 
dimension. 

The SECOND dimension of algebra is formed of the multiples and fractions of the square root of positive 
unity. This is the HEMITROPIC dimension. 

The THIRD dimension of algebra is formed of the multiples and fractions of the square root of negative 
unity. This is the IMAGINARY dimension. 


This thesis is developed by Robert A. Philip In a monograph BIFOLIATE NUMBERS, 


Price one dollar, THE MONOGRAPHIC PRESS, 106 Washington St., Fairhaven, Mass. 
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Crile, George W. The Phenomena of Life. 379p. 
Norton. $3.50. 

Davis, George G., Salmonse, Ella M., Earlywine, 
Joseph L. (Compilers). Pneumonokonioses Lit 
erature and Laws of 1934. Book II. app. 500p. 
Chicago Medical Press. $7.50. 

DeKruif. Why Keep Them Alive? 
Brace. $3.00. 

Diggeahacn. W. H. Ultra Short Wave Therapy. 

S7p. Westermann $3.00. 
Dodge, W. C. Medical Mycology. 900p. Mosby. 


Harcourt, 


£10.00 
DuBois, Eugene F. Basal Metabolism. 3rd ed 
1494p. Lea & Febiger $5.00 


Dunlap, Knight. Elements of Psychology. 500p. 
Mosby $3.50 

Edmunds, C. W., and Gunn, J. A. (Editors) 
Cushny’s Pharmacology and Therapeutics. 11th 


ed. SO8p. Lea & Febiger. $6.50 


Eisenberg. Principles of Bacteriology Mosby. 

Etheredge. Health Facts for College Students. 
2nd ed. 362p. Saunders. 2.00. 

Evans, Lovatt (editor) Starling’s Principles of 
Human Physiology 1096p. Lea & Febiger 


aA 75 

Grollman, Arthur. The Adrenals 4110p. Williams 
& Wilkins. $5.00 

Haden, Russell L. Dental Infection and Systemic 
Disease. 2nd ed. 1635p Lea & Febiger. $2.50 

Hartman, Carl. Time of Ovulation in Women. 
226p. Williams and Wilkins. $35.00. 

Harvey Society Harvey Lectures. Williams & 
Wilkins. $4.00. 

Hawes, John B., and Stone, Moses J. Diagnosis 
and Treatment of Pulmonary Tuberculosis. 
215p. Lea & Febiger $2.75 

Heiser, Victor. An American Doctor's Odyssey. 
544p Norton $3.50 

Hiliiard, C. M. A Textbook 
Applications. Rev. ed. 

Howell. Textbook of Physiology. 
—< $7.00. 

Kemble, James, F.R.C.S. Idols and Invalids. 352p. 
Doubleday, Doran. $35.00 

Kowarschik, J. Kurwellentherapie. 140p. Wester- 
mann. $4.30. 

Krueger. Fundamentals of Personal Hygiene. 2nd 
ed. 294p. Saunders. $1.75. 
Kuntz, Albert Neuro-Anatomy. 

Lea & Febiger. $6.00. 

Lewis, W. H. (editor). Gray’s Anatomy. 
138p. Lea & Febiger. 10.00 

Macleod-Seymour. Fundamentals of Human Physi 
ology. Mosby. 

Major, Ralph H. Dis 
pleton-Century. %& 

McClendon, J. F. Pettibone’s Physiological Chem 
istry. 6th ed. rev. 370p. (In preparation.) 
Mosby. $3.50. 

McCulloch, Ernest C. Disinfection and Steriliza 
tion. 525p. Lea & Febiger. $5.50 

MeGuigan-Brodie. Introduction to Materia Medica 
and Pharmacology. Mosby. 

Meyer, Arthur W. An Analysis of the De Genera 
tione Animalium of William Harvey. 167p. Stan- 
ford Univ. Press. $3.00 

Muldoon. Textbook of Organic Chemistry for Stu- 
dents of the Medical Sciences. 496p. Blakis 
ton’s. $3.00. 

Palmer, Rachel Lynn, and Greenberg, Dr. Sarah K. 
Facts and Frauds in Woman’s Hygiene. 311p. 
Vanguard Press. $2.00. 

Parker, Linette A. Materia Medica and Thera- 
peutics. 6th ed. 379p. Lea & Febiger. $2.50. 

Peter, Luther C. Extra-Ocular Muscles. 2nd ed. 
35lip. Lea & Febiger. $4.50. 

Price, George M. Hygiene and Sanitation. 6th ed. 
295p. Lea & Febiger. $2.25. 

Roe. Principles of Chemistry. Mosby. 

Ruddiman, E. A., and Nicholas, A. B. income. 
bilities in Prescriptions. 337p. Wiley 

Sadler, William 8. Theory and Praction ot Pe. 
chiatry. 1,000p. Mosby. $10.00. 

Salmon, Hugo. Schlacke u. Vitamine. 261p. 
Westermann. $4.80. 

Sherwood, N. P. Immunology. 608p. Mosby. 
$6.00. 

Shryock, Richard H. The Development of Modern 
Medicine. (In press.) Univ. of Pennsylvania 
Press. $4.00. 


of Bacteriology and its 
39p. Ginn, $3.50 
13th ed. 1150p. 





2nd ed. 519p. 


23rd ed. 


ase and Destiny. 338p. Ap 






SCIENCE LIBRARY 


Smiley, Dr. Blanton, and Blanton, Margaret Gray. 
Medicine and Mankind. Lectures at the New 
York Academy of Medicine. 217p. Appleton 
Century. $2.00. 

Stepp-Kuehnau-Schroeder. Die Vitamine und ihre 
Anwendung. 130p. Westermann. &2.40 

Stern, Frances. Applied Dietetics. 300p. Williams 
& Wilkins. $3.50. 

Stiles. Human Physiology. 7th ed 446p. 
Saunders. $2.25. 

Stimson, Philip M. 
2nd ed. 439p. 


Common Contagious Diseases 

Lea & Febiger. 54.00. 

Taussig, F. J. Abortion. 536p. Mosby. $7.50 

Turner, Clair Elsmere Personal and Community 
Health. 3rd ed. 450p. Mosby. $2.75. 

U. S. Pharmacopoeial Convention United States 
Pharmacopoeia. 11th decennial revision. T56p. 
Mack. $5.00. 

Van Haller, Albrecht. A Dissertation on the Sen 
sible and Irritable Parts of Animals (London, 
J. Nourse, 1755), Introduction by Owsei Temkin. 
49p. Johns Hopkins Press. $1.00 

Youngken. Textbook of Pharmacognosy. ith ed. 
SS85p. Blakiston’s. $7.00 

— au D. A Textbook of Physiology ith 


ed. 4p. Mosby. $4.75 
PHYSICS 
Bayley, P. L., and Bidwell, C. C An Advanced 
Course in General College Physics. 340p. Mae 
millan. $3.50 
Born, Max. Atomic Physics. 352p Stechert 
$4.75 


Born, Max. The Restless Universe. 278p. Harper 
& Bros. $2.50 

Culver, C. A. Textbook of Physics. S816p. Mac 
millan. 4.00. 

Erikson, H. A. Elements of Mechanics 261p 
MeGraw-Hill. $2.25. 

Eyring, Carl F. A Survey Course in Physics 
S7Sp. + a > $3.00 

Hadley, H. - . Class Book of Magnetism and Elec 
tricity. 2p. Macmillan. $2.50 

Heil, ay M. The Physical World 566p. 
Blakiston’s, $2.75. 

Heitler, W. The Quantum Theory of Radiation. 
International Series of Monographs on Physics. 
264p. Oxford Univ. Press. $6.00 

Henderson. New Physics Guide and Laboratory 
Exercises. 360p. Lyons & Carnahan. $1.00 

Herzberg, Gerhard. Atomspektren u. Atomstruk 
tur. 188p. Westermann. $4.20. 

Hollman, H. E. Physik u. Technik der ultrakurzen 
Wellen. Westermann. Vol. I, 306p. $9.90; Vol 
II, em $10.80. 

Hull, G. F. Elementary Survey of Modern Physies 
457p. Macmillan. $4.50. 

Hlund, Augustus. Phenomena in High-Frequency 
Systems. 359p. McGraw-Hill. $6.00 

Jordan, Pascual. Anschauliche Quantentheorie 
320p. Westermann. $4.14. 

Jordan, *ascual. Die Physik des 20 Jahr 
hunderts. L43p. Westermann. $1.70. 

Karlson, Dr. Paul. The World Around Us, A Mod 
ern Guide to Physics. 400p. Simon and Schus 
ter $3.75. 

Lange, Bruno. Die Photoelemente u. ihre An 
wendung. 2 parts. 226p. Westermann. $4.90. 

Lemon, Harvey Brace. Cosmic Rays Thus Far. 
128p. Norton. $2.00. 

Lindsay, R. B., and Margenau, H 
of Physies. S37p. Wiley. $4.50. 

MacMillan, W, D. Theoretical Mechanics-Dynamics 
of Rigid Bodies. 478p. McGraw-Hill. $6.00. 

Millikan, R. A., Gale, H. G., and Coyle, J. P. New 
Elementary Physics. 636p. Ginn. $1.80. 

Morse, P. M. Vibration and Sound. 350p. Me 
Graw-Hill. $4.00. 

Page, N. C. Lessons and Problems in Electricity. 
5356p. Maemililan. $2.75. ‘ 

Planck, Max. The Philosophy of Physics. 128p. 
Norton. $2.00. 

Rasetti, Franco. 
—- Prentice-Hall. $4.50. 

Rhine lart, Darmon A. Roentgenographic Tech 
nique. 2nd ed. 431p. Lea & Febiger. $5.50. 

Rosseland, 8S. Theoretical Astrophysics, Atomic 
Theory and the Analysis of Stellar Atmospheres 
ahd Envelopes. International Series of Mono- 
graphs on Physics. 374p. Oxford Univ. Press. 
$8.00. 


Foundations 


Elements of Nuclear Physics. 
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Important New Publications 





NEW (23RD) EDITION JUST READ) 


GRAY'’S ANATOMY 
Anatomy of the Human Body 


By Henry Gray, F.R.S. 
Fellow of the Royal College of Surgeons 
Thoroughly Revised and Re-Edited 
By WarkkEN H. Lewis, B.C., M.D 


Professor of Physiological Anatomy, Johns Hopkins University; Research Associat 


Carnegie Institution of Washington, Baltimore, Maryland 
I3SS1 pages, illustrated with 1216 large and elaborate engra 


Imperial Octavo, 13 
mostly in color. Cloth, $10.00 net 
It reflects every 


The new edition of this famous work will maintain the eminence of its predecessors 
physiological anatomy 


science, and every addition to anatomical knowledge including new materia] on the 
gans and extensive revisions of the sections on embryology and the ductless glands. Of particular importance is é 
thorough revision of the anatomy of the central nervous system in which the editor has had the cooperation of Dr. David 
McK. Rioch of the Harvard Medical School. Gray’s Anatomy remains the most practical and labor-saving text t bject 
unequalled in arrangement, absolutely authoritative and unexcelled in its accuracy and in the clarity of its 
prehensive presentation. Mechanically it is a masterpiece of book making, durable and convenient 
VEW (11TH) EDITION JUST READ) 
The Action of Drugs in Health and Disease 
By ArTuur R. Cusuny, M.A., M.D., LL.D., F.R.S 
Late Professor of Materia Medica and Pharmacology in the University of Edinburg! 
rhoroughly revised by C. W. Epmunps, A.B., M.D., Professor of Materia Medica and Therapeutics in the | ersity 
Michigan, Ann Arbor, Michigan, and J. A. Gunn, M.A., M.D., D.Sc., Professor of Pharmacology 
in the University of Oxford, England 
Octavo, 808 pages, illustrated with 70 engravings. Cloth, $6. net 
The appearance of the eleventh decennial revision of the Pharmacopoeia of the United States has necessitated ex 
tensive changes, especially in the lists of official preparations. It has furnished an opportunity, not only to revise this cla 
work but to make a very considerable rearrangenment of its order. The successors of the distinguished original author |} 


maintained the rigorously scientific and critical spirit that has made this book internationally famous, refi 
structive mind and critical judgement, breadth and accuracy of his knowledge and his unswerving pursuit of trut! Th 


edition is in every way worthy of him. 


VEW (2ND) EDITION 





: JUST READ) 


A TEXT-BOOK OF 
INORGANIC PHARMACEUTICAL CHEMISTRY 


For Students of Pharmacy and Chemistry 


By CHaAr.Les H. Rogers, D.Sc. (in Pharn 
Dean of the College of Pharmacy and Professor of Pharmaceutical Chemistry, University of Min 
Octavo, 724 pages, illustrated with 55 enaravinas. Cloth. $?. net 
The eleventh decennial revision of the United States Pharmacopoeia and the sixth edition of the Natio Forn 
have necessitated many additions, deletions and improvements and a complete revision of this text. The advancements 
pharmaceutical science have of late been unusually rapid and inclusive in their scope. They are all reflected in this ne 
edition.. Radical changes have been made in the subject matter under such topics as Properties, Tests for Identity, Assays, 
the commercial methods of 


Pharmaceutical Preparations, Pharmacological Actions, Uses, etc. The newer processes in 


producing chemical compounds of pharmaceutical interest have been included and the obsolete eliminated 


WASHINGTON SQUARE 
LEA @ FEBIGER PHILADELPHIA. PA. 


Please send me books checked: 








[] Gray’s Anatomy $10.00 $7.00 


[ Rogers’ Pharmaceutical Chemistry 
[] Cushny’s Pharmacology & Therapeutics 6. 


Catalogue. 


Name Address 


(S.M. 1-37) 





XViii 


Saunders, F. A. Survey of Physics. Rev. 679p. 
Holt. $3.75. 

Staff of the Color Measurement Laboratory at 
M. I. T., edited by Prof. A. C. Hardy. Hand- 
book of Colorimetry. S7Tp. The Technology 
Press. $5.00. 

Thomson, John. An Introduction to Atomic Phys- 
ics. 228p. Van Nostrand. $3.50. 

Various authors. The National Geographic So- 
ciety—U. 8S. Army Air Corps Stratosphere Flight 
of 1935 in the Balloon “Explorer II.” he 
National Geographic Society. $1.50. 

Vigoureux, P., and Webb, C. E. Principles of 
Electric and Magnetic Measurement. 392p. 
Prentice-Hall. $5.00. 

Zimmer. The Revolution in Physics. Harcourt, 
Brace. 2. 75. 


PSYCHOLOGY 


Bahle, Julius. Der musikalische Schaffensprozess ; 
Psychologie 4d. schoepferischen Erlebnis und 
antriebsformen. 253p. Westermann, $2.15 

Briffault, Robert. Reasons for Anger. 288p. 
Simon and Schuster. $2.50. 

Bryan, Wm. A. Administrative Psychiatry. App. 
S52p. Norton. $3.00 

Burehard, Edward M. L. Physique and Psychosis, 
An Analysis of the Postulated Relationship be 
tween Bodily Constitution and Mental Disease 


Syndrome. 73p. Johns Hopkins Press. $1.25 
Child Study Association of America. Parents’ 

Questions. 312p. Harper & Bros. $2.00 
Fernberger, Samuel. Elementary Psychology. 


445p. Williams & Wilkins. $3.00 

Freud, Sigmund. The Problem of Anxiety. 159p. 
plus. Norton. $2.00 

Guilford, J. P. Psychometric Methods. 566p. 
MeGraw-Hill. $4.50. 


Haggard, Howard W., and Fry, Clements C. 
Anatomy of Personality. 357p. Harper & 
Bros $3.00. 

Hardy and _ Hoefer. Healthy Growth. 406p 


Univ. of Chicago Press. $3.50 

Higginson, G. D. Psychology. 646p. Macmillan. 
$2.90 

Honzik, C. H. The Sensory Basis of Maze Learn 
ing in Rats. 113p. Johns Hopkins Press. $1.50. 

Jacobsen, C. F., with the cooperation of J. H 
Elder and C. J. Haslerud. Studies of Cerebral 
Function in Primates. 68p. Johns Hopkins 


Press. $1.25. 
Keller, F. J., and Viteles, M. §S Vocational 
Guidance throughout the World. App. 548p. 


Norton. $4.00 

Klein, D. B. General Psychology. 560p. Holt. 
$2.50 

Krueger, F. Neue psychologische Studien: Mo 
torik. pt. 3. 349p. Westermann. $2.25. 

Layman, John D. The Avian Visual System, I 
Cerebral Functions of the Domestic Fowl! in 
Pattern Vision. 36p. Johns Hopkins Press. 
$.75. 

Lewin, K. Principles of Topologies al Psychology 
231p. MeGraw-Hill. $2.50 

Lundholm, Helge. The Psychology of Belief. 
245p. Duke Univ. Press. (In press.) $3.00. 

Morgan, J. B. Psychology of the Unadjusted 
School Child. Rey. 339p. Macmillan. $2.00 

Paterson, Donald G., and Darley, John G. Men, 
Women and Jobs, A Study in Human Engineer 
ing. 142p. Univ. of Minnesota Press. Trade 
ed., $2.00; text ed., $1.50 

Robison, Sophia M. Can Delinquency Be Mea 
sured? (Studies of the research bureau of the 
Welfare Council of New York City, No. 12.) 
Columbia Univ. Press. $3.00 

Ruckmick, C. A. Psychology of Feeling and Emo 
tion. 529p. McGraw-Hill. $4.50 

Rudolph, Harold J. Four Million Inquiries from 
Magazine Advertising. Columbia Univ. Press. 
$5.00 

Ru: 1dquist, Edward A., and Sletto, Raymond F 
Personality in the Depression, A Study in the 





Measurement of Attitudes. 398p. Univ. of 
Minnesota Press. $4.00 
Sachs, Bernard. Keeping Your Child Normal. 


147p. Harper & Bros. $1.50. 
Schneider, E. Psychodiagnostisches Praktikum 


fuer Psychologen u. Paedagogen. 132p. Wester- 
mann. $1.98. 








SCIENCE LIBRARY 


Sherman, Mandel, Sherman, Irene, and Flory, 
Charles D. Infant Behavior. 107p. Johns 
Hopkins Press. $1.50. 

Sorenson, H. Statistics for Students of Psychol- 
ogy and Education. 373p. MeGraw-Hill. $3.50. 

Spragg, 8. D. 8S. Anticipatory Responses in Serial 
Learning by Chimpanzee. 72p. Johns Hopkins 
Press. $1.25. 

Stoddard, G. D., and Wellman, B. L. A Manual 
of Child Psychology. 117p. Macmillan. Paper, 
$1.00, 

Terman, L. M., and Miles, C. C. Sex and Personal- 
ity. 600p. McGraw-Hill. $4.50. 

Tsang, Yii-Chiian. The Functions of the Visual 
Areas of the Cerebral Cortex of the Rat in the 
Learning and Retention of the Maze. 41p. 
Johns Hopkins Press. $.75. 

Washburn, M. F. The Animal Mind. 4th ed. 
536p. Macmillan. $3.50. 

Wedell, C. H. Workbook in Psychology 129p. 
Wiley. $1.25. 

White, Wm. A. 20th Century Psychiatry. 198p. 
Norton, $2.00. 

Wolfe, John B. Effectiveness of Token-Rewards 
for  eneemenn 72p. Johns Hopkins Press. 
$1.25. 

verhon R. M., and Elder, J. H. Ocestrus Recep- 
tivity, and Mating in Chimpanzee. 39p Johns 
Hopkins Press. %.75. 

Young, P. T. Motivation of Behavior. 
Wiley. $4.00. 


562p. 


SOCIAL AND ECONOMIC SCIENCES 


Allen, Edward J. The Second United Order among 
the Mormons. (Studies in history, economics 
and public law, No. 419.) Columbia Univ. Press. 
2.25. 

Ballard, Lloyd Verner. Social Institutions. 514p. 
Appleton-Century. $4.00. 

Beard, C. A., and Smith, G. H. E. Current Prob 
lems of Public Policy. 527p. Macmillan. 53.00. 

Borkenau, F. *areto. 219p. Wiley. $1.75 

Bruno, Frank J. The Theory of Social Work. 
657p. Heath. $4.70. 

Buelow, Friedr. Woerterbuch der Wirschaft. 
455p. Westermann. $2.15. 

Bussing, Irvin. Public Utility Regulation and So- 
Called Sliding Seale. (Studies in history, eco 
nomics and public law, No. 415.) Columbia 
Univ. Press. $2.75. 

Chamberlain, Joseph P. 
National and State. 369p. 
$3.50. 

Chase, S. Rich Land, Poor Land. 324p. MeGraw- 
Hill. $2.50. 


Legislative Processes ; 
Appleton-Century. 


Clark, Grover. The Balance Sheets of Imperial 
ism; Facts and Figures on Colonies Columbia 
Univ. Press. $2.75. 


Cole, W. E., and Montgomery, C. 8S Sociology for 
Schools. 366p. Allyn & Bacon $1.60 

Commons, J. R., and Others. History of Labor 
in the United States. Reissue Vol. I 649p. 
$4.00; Vol. IL 640p. $4.00 Macmillan. 


Crane. Benjamin Franklin. 143p Williams & 
Wilkins. $1.50. 

Cunningham, Dr. Bess. Family Behavior t71p. 
Saunders $2.75. 


Davidson, Perey E., and Anderson, H. Dewey. 
Occupational Mobility in an American Commu 
nity. Stanford. 83.50. 

Davie, M. R. World Immigration 5SS8p Mac 

te. 

AW. Money and Banking 512p. 
Wiley. $3.25. 

East, Gordon. An Historical Geography of Eu- 
rope. 480p. Dutton. $5.00 

Fairchild, F. R., Furniss, E. 8., and Buck, N. 8. 
Elementary Economics. Vol. I. 717 p.; Vol. IL 
685p. 3rd ed. Macmillan. $2.50 each 

Flenley, Ralph, and Weech, W. W. World History, 
The Growth of Western Civilization SOOp. 
Dutton. $3.50. 

Gillette, J. M. Rural Sociology. 3rd ed. T78p. 
Macmillan. $4.50. 

Glueck, Eleanor T. Evaluative Research in Social 
Work. (New York School of Social Work Pub 
lications.) Columbia Univ. Press. ’aper. %&.25. 

Glueck, Sheldon. Crime and _  dJustice. Little 
Brown & Co. $3.00. 
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EXCITATION 
PHENOMENA 


Volume IV of 


COLD SPRING HARBOR SYMPOSIA 
ON QUANTITATIVE BIOLOGY 


36 papers (370 pages) including edited discussion and a large number 
of text-figures; and an index. Covers fundamental physico-chemi 

cal phenomena related to the excitatory state; physical, chemical, and 
mathematical aspects of excitation in muscle and nerve; effects of 
pressure; properties of the synapse; cerebral potentials; etc. Authors: 
W. R. Amberson, G. H. Bishop, H. A. Blair, L. R. Blinks, E. Bozler, 
D. W. Bronk, D. Brown, McK. Cattell, K. S$. Cole, G. Coppée, H. J. 
Curtis, H. H. Dale, H. Davis, W. O. Fenn, E. Fischer, A. Forbes, 
R. W. Gerard, H. Grundfest, S$. E. Hill, H. Hoagland, H. H. Jasper, 
G. Kato, L. Lapicque, L. G. Longsworth, D. A. MacInnes, A. M. 
Monnier, W. J. V. Osterhout, G. H. Parker, C. L. Prosser, N. Rashev- 
sky, A. Rosenblueth, F. O. Schmitt, T. Shedlovsky, C. C. Speidel, 
J. Z. Young. 





Volumes I (Surface Phenomena), II (Growth), and III 
(Photochemical Reactions) still available. Single copies of any 
volume: $4.50. New subscription orders for all volumes as 
they appear: $3.75 per volume. Tables of Contents can be 

obtained from THE BIOLOGICAL LABORATORY, COLD 
SPRING HARBOR, L.I.,N. Y. 
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xx SCIENCE 


Hale, William J. Prosperity Beckons. 20Ip. 
Stratford Co. $2.00 

Haney, L. H. History of Economic Thought. 3rd 
ed. = Macmillan. &3.60. 

Hertzler, 0. Social Thought of the Ancient 
Civilizations. 409p. McGraw-Hill. 4.00. 

Himes, Norman. History of Contraception. 521p. 
Williams & Wilkins. $7.00. 

Homes, 8. J. 
sort. 414p. 


Human Genetics and Its Social Im- 
McGraw-Hill. $3.50. 

Johnson, E. A. Some Origins of the Modern 
Economie World. 163p. Maemillan. $1.35. 
Kepner, Charles David. Social Aspects of the 
janana Industry. (Studies in history, econom- 
ics and public law, No. 417.) Columbia Univ. 

Press. $3.00. 

Kiekhofer, William H. Economic Principles, Prob- 
lems, and Policies. Student’s ed. 955p. Apple 
ton-Century. $4.00. 

Lippincott, Isaac. The Development of Modern 
World Trade. 566p. Appleton-Century. $4.00. 

Lutz, Harley L. Public Finance. 3rd ed. 940p. 
Appleton-Century. $4.00. 

Magruder, F. A., and Seckler-Hudson, C. Our 
National Government. 664p. Allyn & Bacon. 
$1.80. 

Mangold, G. B. Problems of Child Welfare. 3rd 
ed. 549p. Maemillan. $3.00 

Marett, R. R. Tylor. 220p. Wiley. $1.7 

Martin, L. R. (editor). Vocational Guidence 
Digest. 10 numbers per year. Stanford Univ. 
Press. $2.50. 

Muller, Herman J. Out of the Night. 127p. Van 
guard Press. $1.50. 

Munro, W. B. Government of the United States 
4th ed. 810p. Maemillan. $3.75. 

Munro, W. B. Major Changes in the Governments 
of Europe since 1930. 6GS8p. Macmillan. laper 
$.40. 

Munro, W. B. The National Government of the 
United States. 4th ed. 600p. Macmillan. 
$2.79 

Myers, Margaret G. Paris as a Financial Centre. 
Columbia Univ. Press. $3.00. 

Ogg, F. A. English Government and Politics. 
Rev. TS6p. Macmillan. $4.25. 

Owens, Richard Norman, and Kennedy, Ralph Dale 
Accounting, Elementary Theory and Practice. 
687p. Van Nostrand. $4.00. (Work Sheets for 
Above: Set, $2.10; Part I and II, $.60; Part 
III and IV, $.70; Part V and VI, §$.80.) 

Phelps, H. A. Principles and Laws of Sociology. 
54ip. Wiley. $4.00. 

mappa, Wm. E. The Gover uname of Switzerland. 
1535p. Van Nostrand. $1 

Robey, Ralph (editor). The. Monet tary Tlroblem, 
Gold and Silver: Final Report of the Royal 
Commission Appointed to Inquire into the Ke 
cent Changes in the Relative Values of the 
Precious Metals, Presented to both Houses of 
Parliament, 1888. With a foreword by Nicholas 
Murray Butler. Columbia Univ. Press. $3.50. 

Russell, Frank M. Theories of International Rela 
tions. 65lp. Appleton-Century. $4.00. 

Schneider, Herbert W. The Fascist Government 
of Italy. 1738p. Van Nostrand. $1.25. 

Shafer, Henry Burnell. The American Medical 
Profession, 1783 to 1850. (Studies in history, 
economics and public law, No. 417.) Columbia 
Univ. Press. $3.25. 

Shaffner, F. I. Problem of Investment. 357p. 
Wiley. $3.00. 

Smith, D. T. 
Wiley. $2.50. 

Sullenger, T. E. Social Determinants in Juvenile 
Delinquency. 412p. Wiley. $3.50. 

Teilhac, E. Pioneers of American Economic 
Thought in the Nineteenth Century. 187p. 
Macmillan. $2.50. 

Toennies, Ferd. Reine u. angewandte Soziologie. 

— Westermann. $4.95. 

Von Haberler, G. The Theory of International 
Trade. 408p. Maemillan. $5.75. 

Vierkandt, A. Famile Volk und Staat. 150p. 
Westermann. $1.44. 

Willystine Goodsell. Problems of the Family. 
500p. <Appleton-Century. $3.50. 


Deficits and Depressions. 264p. 


LIBRARY 


Consumption and Stands irds 
Van Nostrand. $3.75. 


Zimmerman, Carle C. 
of Living. 602p. 


ZOOLOGICAL SCIENCES 


Allen, A. A. Ornithology Laboratory Notebook 
3rd ed. Rev. 2200p. Comstock. 53.00. 

Baitsell, G. A. Manual of Biology. 5th ed. 4354p. 
Macmillan. $2.50. 

Benedict, F. G. The Physiology of the Elephant. 
309p. Carnegie Institution of Wash. $2.25. 
Brachet, A. Traité d’embryologie des vertébrés. 

690p. Westermann. $7.80. 

Bremer, J. L. Textbook of Histology. 588p. 
Blakiston’s. $6.50. 

Chandler, A. C. Introduction to Human Para 
sitology. 661p. Wiley. $5.00. 

Colbert, E. H. Siwalik Mammals in the American 
Museum of Natural History. 401p. Univ. of 
Pennsylvania Press. Paper, $5.00. Amer. 
Philosophical Soc. Pub. Trans. XXVI. 

Comstock, J. I Introduction to Entomology. 
Sth ed. Rev. 1064p. Comstock. $5.00 

Comstock, J. H: Manual for Study of Insects 
2ist ed. Rev. 401lp. Comstock. $4.00 

Davenport, C. B., and Ekas M. P. Statistical 
Methods in Biology, Medicine and Psychology. 
216p. Wiley. 2.75. 

Detwiler, S. R. Neuroembryology (Experimental 
Biology Monographs). 218p. Macmillan. 3.75. 

Ditmars, Raymond L. The Reptiles of North 
America. 496p. Doubleday, Doran, $6.75 

Drew. Invertebrate Zoology. Sth ed. 276p 
Saunders. $2.25. 

F uertes, Louis Agassiz, and Osgood, Wilfred Hud 
son. Artist and Naturalist in Ethiopia. 264p 
Doubleday, Doran. 85.00. 


Gage, S. H. The Microscope. 16th ed Rey 
617p. Comstock. $4.00. 
Greaves. Elementary Bacteriology. 3rd ed. 562p 


SK 


Saunders. 0. 
Hall, F. G., Pearse, A. 8., et al. The Cenotes of 
Yucatan (A Zoological and Hydrographic Sur 





vey). 3O07p. Carnegie Institution of Wash 
$4.00. 

Hegner, R. W. College Zoology ith ed 742p 
Maemillan. $5.50. 

Huxley, Julian “(editor). T. H. Huxley's Diary of 
the Voyage of H. M. S. Rattlesnake. 3520p 


Doubleday, Doran. $3.00. 


Mavor, J. W. General Biology. 729p. Macmillan 


$4.00. 
Mavor, J. W., and Clarke, L. B. Laboratory Man 
ual in General Liology. 201p. Macmillan 


Paper. $1.7 


Neal, H. V., and Rand, H. W. Comparative Anat 


omy. 739p. Blakiston’s. $4.75 

Newman, ‘HL. H. Outlines of General Zoology. srd 
ed. 661p. Macmillan. $3.50. 

Parker, G. H. Color ¢ *hanges in Animals in Rela 
tion to Nervous Activity. (Leidy Memorial 


Lectures, 1936.) (In press.) Univ. of Penn 
sylvania Press. $1.50. 

Perrier, Remy. Cours Glementaire de zoologie. 
870p. Westermann. $3.60. 

Pincus, G. The Eggs of Mammals. (Experime nts al 
Biology Monographs.) 160p. Macmillan. 83.75 

Roberts. Birds of Minnesota. 2nd ed. 2 Vols.: 
Vol. I, 718p. Vol. II, 850p. Univ. of Minnesota. 
$15.00 the set. 

Roehl, K. W., and Newman, H. H. 
Manual for General Zoology. 99p. 
$1.00. 

Rourke. Audubon. Harcourt, Brace. $3.00 

Scott, William B., and Jepsen, Glenn L. Amer. 
Philosophical Soc. Pub. Trans. XXVIII. 1. The 
Mammalian Fauna of the White River Oligocene. 
Univ. of Pennsylvania Press. 2.50. 

Sweetman, H. L. The Biological Control of In 
sects. 4356p. Comstock. $4.00. 

Verrill, A. Hyatt. Strange Sea Shells and Their 
Stories. 206p. Vage. $2.50. 

Waddington, C. H. How Animals Develop. 127p. 
Norton. _ 00. 

Wardle, R. General Entomology. 31llp. Blak 
iston’s. $3. 25. 

Woodruff, L. L. Foundations of Biology. 
583p Maemillan. $3.50 


Laboratory 
Macmillan 


5th ed 
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CARNEGIE INSTITUTION 
OF WASHINGTON 


is a research organization working in many 
fields. Its monographie publications are 
placed in the principal libraries of the 
world. Copies can be purchased at reason- 
able prices. 


These publications comprise studies in the 
following fields: 


Archaeology History 
Anthropology Literature 
Astronomy Mathematics 
Biology Nutrition 
Botany Paleontology 
Chemistry Palaeography 
Ecology Philology 
Economics Physics 
Embryology Terrestrial Magnetism 
Genetics Zoology 
Geology 


Descriptive lists and prices may be ob- 
tained by addressing: 


CARNEGIE INSTITUTION OF WASHINGTON 


WASHINGTON, D. C. 























[WELCOME] (SCIENTISTS 


















By \( e 
Y Cs 


SINGLE DOUBLE 
1000 ROOMS WITH BATH 
Three blocks from largest department 
stores, Empire State Building. Two auto 
entrances. Cool roof garden. Conser- 
vative clientele. Special weekly rates. 


No charge for cribs or cots for little tots. 
Alburn M. Gutterson, Manager 


PRINCE GEORGE HOTEL 


14 EAST 28TH STREET 
NEW YORK 


PLENTY OF ® 
ROOMS WITH 
BATH AT 
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SCIENCE 
PROGRESS 


A QUARTERLY REVIEW OF 
SCIENTIFIC THOUGHT, 
WORK AND AFFAIRS 
The Regulation of the Haemo- 

globin in the Blood of Mam- 


mals. Prof. A. E. Boycott, F.R.S. 


Cohesive Forces in Metals. 
Prof. N. F. Mott, F.R.S. 


Petrology and Modern Road | 


Problems. Dr. B. H. Knight 


The Exchange of Energy be- 
tween a Gas and a Solid 
or Liquid Surface. 

Prof. T. Alty 


Resinous Plant Products. 
T. Hedley Barry, F.1.C. 


The Physical Properties of Dis- | 


perse Systems. 


Dr. E. G. Richardson jf 


Recent Advances— 1 


Mathematics — Astronomy — Phys- 
ics — General and Organic Chemistry 
— Physical Chemistry Geology 
Botany — Entomology. 


Essay Reviews— 


Listening to a Volcano. By Dr. G. W. | 


Tyrrell. A Review of The Erup- 
tion of Mt. Pelée, 1929-32, by F. A. 
Perret. 


Logical Positivism. 
A review of Language, Truth and | 
Logic, by A. J. Ayer. 


Reviews of some 60 books | 
Quarterly. Each number about 200 | 
pages, illustrated, 7s. 6d. net. | 
Annual postal subscription, 31s. 2d. 


EDWARD ARNOLD & CO. 
41-43 Maddox St., London, W.15>= 





By Dr. H. Dingle. 








New College Texts 
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To be published 
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To be published 
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FEBRUARY 








® 
THE MACMILLAN COMPANY 60 FIFTH AVENUE NEW YORK 





The new FIFTH EDITION, completely 
revised and enlarged of 


SHERMAN’S Chemistry 
of Food and Nutrition 


Professor Sherman has brought his well known standard text and reference 
book thoroughly up to date in this new edition. Although he has covered 
all the important facts from the newer chemistry of nutrition and has made 
clear their far-reaching significance, he has been careful to point out their 
controversial aspects. All tabulated data has been brought up to date, and 
there are given for the first time averages of a new order of precision with 
statistically determined probable errors and coefficients of variation. 


Probable price, $3.00 


The first comprehensive, systematic text 
for college courses in nature study— 


The Living World 


by Samuge. H. Wixuams, University of Pittsburgh 


This book, covering both the plant and animal worlds, has been prepared 
for use as a basic text for courses in nature study, elementary ecology or 
field biology, and as a supplementary text or reference for the general cul- 
tural course in biology. The classifications of plants and animals are ex- 
plained, and each classification is treated from an environmental point of 
view. The material is comprehensive, and well-organized for class use. 
Much of it has already been used in classes at Pittsburgh. 


Illustrated. Probable price, $3.60 


